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PREFACE. 



The following Lectures were addressed to a Soci- 
ety* of practical agriculturists, many of whom possesf- 
ed no knowledge whatever of scientific Chemistry or 
Geology. They commence, therefore, with the discus- 
sion of those elemeotary principles which are necessary 
to a poper understanding of each branch of the sub- 
ject. Every thing in such Lectures, which is not— or 
may not be — easily understood by those to whom they 
are addressed, is worse than useless. It is my inten- 
tion, therefore, to employ no scientific terms, and to 
refer to no philosophical principles, which I have not 
previously explained. Having been requested to pub- 
lish these Lectures for the benefit of practical agricul- 
turists in general, I have endeavoured to adapt them to 
the average knowledge of that class. To many who 
may take up the later Lectures, some points may ap- 
pear obscure or difl[icult to be fully understood ; such 
persons will, I hope, do me the justice to begin at the 
beginning, and to blame the author only when that 
which is necessary to the understanding of the later, is 
not to be found in the earlier Lectures. Those who 

♦ The Durham County Agricultural Society, and the Membew of 
the Dttriiaixi Fanners' Club. 
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possess a certain amount of chemical knowledge will 
derive much benefit from a perusal of Liebig's " Or- 
ganic Chemistry, in its applications to Agriculture and 
Physiology f and from " Three Lectures on Agricul- 
ture," by Professor Daubeny, of Oxford. 

For the sake of clearness, I have, in the following 
pages, divided the subject into foitr parts, the study of 
each preceding part preparing the way for a complete 
understanding of those which follow. Thus the first 
part is devoted to the organic elements and parts of 
plants, the nature and sources of these elements, and 
an explanation of the mode in which they become con- 
verted into the substance of plants — the second to the 
inorganic elements of plants, comprehending the study 
of the soils from which these elements are derived — 
with the general relations of geology to agriculture — 
the third to the nature of manures, by which soils are 
made more productive, and the amount of vegetable 
produce increased — and the fourth, to the results of ve- 
getation — to the kind and value of the food produced 
under different circumstances — and its relation to the 
growth of cattle, and to the amount and quality of 
dairy produce. 

By this method I have endeavoured to ascend from 
the easy to the apparently diflficult ; and I trust .that 
the willing and attentive reader will find no difficulty 
in keeping by my side during the entire ascent. 

Durham^ 1841. 
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food.— State in which tne inorganic elements exist in plants. 

PART ra. 

WILL OONTAIH 

Haaures. — ^Their nature, composition, and mode of action. — ^Theory of 
their api^cation in dmerent localities. 

PART IV. 

The results of vegetation.^The nature, constitution, and nutritive pro* 
perties of different kinds of produce, and by different modes of culti- 
Tation.~The feeding of catue, the maldne of cheese, Ace &cc-—Th» 
eonsdtution and differences of various kinds of wood, and the eirenm- 
•tances which fiivovr their growth. 



TiMse Lecturts are now in course of deliveiy, and will be published 

ns soon as possible after they are reoeived, in four parts; 

or in two vols, when completed. 
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LECTURE I. 

Importance of Agriculture — Relation of the growth of food to the p^ 
, xdation of Great Britain — Recent progress and prospects of English 
Agriculture — ^Application of Chemiod and Geological Science to 
the art of culture — to the improvement of soils — the rotation of 
crops — the application of manures, Ace. — Outline of the Course of 
Lectures — Number and natmre of the elementary bodies-^lhe or- 
ganic elements Carbon, Hydrogen, Oxvgen, and Nitrogen, their 
properties and their relations to -vegetable life. 

Were I about to address you in a single or detached Lec- 
ture only, I should think it my duty to select some one 
branch cif the art of culture for special illustration^ and witk* 
out much introductory matter to proceed at once to the ex- 
position of the principle or principles on which it depended. 
As the present, however, is only the first of a Series of 
Lectures I hope to have the honor of delivering to you, 
I may be permitted to introduce my subject with a few 
prefatory remarks, which will here find their appropriate 
place. 

In regard to the importance of Agriculture it may appear 
superfluous in me to address you. That art on which a 
thousand millions of men are dependent for their very sus- 
tenance — in the prosecution of which nine-tenths of the 
fixed capital of all civilized nations is embarked — and pro- 
bably two hundred millions of men expend their daily toil-— 
that art must confessedly be the most important of all ; the 
parent and precursor of all other arts. In every country 
then, and at every period, the investigation of the principle 
on which the rational practice of this art is founded, ought 
to have commanded the principal attention of the greatest 
minds. To what other object could they have been more 
benefic^Uy directed ? 

But there are periods in the history of every country 
when the study of Agriculteire becomes more urgent, and in 
that country acquires a vastly superior importance. When 
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4 POPULATION AND GROWTH OF FOOD. 

a tract of land is thinly peopled, like the newly settied dis- 
tricts of North America, New Holland, or New Zealand, a 
very defectiFe system of culture will produce food enough 
not only for the wants of the inhabitants, but for the partial 
supply of other countries also. But when the population 
bec(»nes more dense, the same imperfect or sluggish system 
will no longer suffice. The land must be better tilled, its 
special qualities and defects must be studied, and means 
must gradually be adopted for extracting the maximum 
produce from every portion susceptible of cultivation. 

The British islands are in this latter conditioiv ^riftul- 
ture now is of vastly more importance to us as a nation^ Vhan 
it was towards the close even of the last century. In'1780, 
the island of Great Britain contained about 9 millions of in- 
habitants ; it now contains nearly 20. The land has not 
increased in quantity, but the consumption of food has pro- 
bably more than doubled. The importation from abroad 
has not increased to any important extent ; by improved 
management, therefore, the same area of land has been 
caused to jrield a double produce* 

But the population will continue to increase ; can we ex- 
pect that the food raised from the land will continue to in- 
crease in the same ratio ? This is an important question, 
to which we can give only an imperfect and somewhat 
tmsatisfactory answer. 

The superficial area of Great Britain comprises about 57 
millions of acres, of which 34 millions are in cultivation, 
about 13 millions are incapable of culture, and the remain- 
ing 10 millions are waste lands susceptible of improvement. 
The present population, therefore, is supported by the pro- 
duce of 34 millions of acres, or every 34 acres raises food 
tar about 20 people. Suppose the 10 millions of acres 
which are susceptible of improvement to be brought into 
such a state of culture as to maintain an equal proportion — 
the most favourable supposition — thejr would raifte food for 
an additional population of about 6 millions, or would keep 
Great Britain independent of any lai;^e and constant foreign 
supply till the number of its mhabitants amounted to 26 
millions. But at the present rate of increase this will take 
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place in about 20 years,* so that by 1860, unless some gene* 
ml improvement take place in the agriculture of the coun- 
try, the demands of the population will have completely 
overtaken the productive powers of the land. 

But though we cannot say how far the fertihty of the 
soO may be increased, or how long it may* be able to keep 
a-head of the growing numbers of the people» we have our 
own past experience, the example of other countries, and 
the indications of theory, all concurring to persuade us that 
the limit of its productiye powers can neither be predicted 
noi" foreseen. 

If we glance at the history of British agriculture during 
the last half century — ^from the introduction of the greea- 
crop system or the alternate huslHbdfy fh>m Flanders into 
Norfolk, up to the present time — ^W^r*find the results of each 
successive improvement more remarkable than the former. 
The use of lime, a more general drainage of the soil, the in- 
vention of impr^d ploughs and other agricultural imple- 
ments, as well aAie introduction of better and more eco- 
nomical modes or using them, the appUcation of bone ma- 
nure, and more reciently of thorough draining and^ subsoil 
ploughing, have all tended not only to the raising of crops 
at a less cost, but in far greater abundance, and on spots 
which bur forefathers considered wholly unfit for the growth 
of corn. 

The result of each new improvement, I have said, has 
seemed more astonishing than the former. For after a 
waste piece of land has been brought into an average state 
of productiveness, we are not prepared for any great im- 
provement upon it by new labours ; nor could we readily 
believe that, half a century after such land had been in cul- 
ture, its produce or its valus should at once be doubled, by 
a better draining, a deeper ploughing, or by sprinkUng on 
its surface a smsdl quantity of a saline substance imported 
from a foreign country. 

Yet the example of the Chinese shows us that the pro- 

♦ For more precise data and calculations see Porter's Progress of ike 
NaMon, 

1* 
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ductive powers of the soil are not to be easily estimated* 
Nothing repays the labors of the husbandman more fully 
than the willing soil — nothing is more grateful for his at- 
tention, or offers surer rewards to patient industry, or to 
renewed attempts at improvement. 

In China we* see a people whom we call semi-barbarians, 
multiplying within their own limits till their numbers are 
almost incredible; practising from the most remote ages, 
and in the most skilful manner, various arts which the pro- 
gress of modern science has but recently introduced into 
civilized Europe ; cultivating their soil with the most assi- 
duous labor, and stimulating its fertility by means which we 
have hitherto neglected, despised, or been wholly ignorant 
of — ^but which the discoj^eries of the present time are point- 
ing out as best fitted to secure the amplest harvests — and' 
have thus been enabled to compel their limited soil to yield 
a sufficient sustenance to its almost unUmited population.* 

Experience and example, therefore, encourage us to look 
forward to still further improvements in^e art of culture, 
and, independent of such as may be d^ived from purely 
mechanical principles, theoretical chemistry seems to point 
out the direction in which important advances of another 
kind may reasonably be anticipated. The Chinese are said 

* An intelligent correspondent reminds me that the agricultural skill 
of the Chinese is questioned by recent writers on iJbe customs of that 
country. This doubt is founded chiefly on the rudeness of their agri- 
cultural implements and the searcity of cattle, whether horses or cows, 
among them. But in this densely peopled country the hoe they employ 
senres the purpose of every other implement {Davis^s China^ ii. ^2), 
and, where the place of catue is supplied by an -equivalent number of 
men, there can be no comparative want of valuable manure. The i>opu- 
kition of China, however, is probably not so dense in all the provinces 
as it has hitherto be^i supposed. Many writers have estimated the 
entire population at 300 milhons, while recent statists reduce it to 175 
millions. Taking even the higher estimate, the population is not more 
dense than in EIngland and Holland — ^the area of China proper being 

i, 200,000 square miles, or eight times that of France. It is considera- 
ly less densCj indeed, if we take into account the number of horses 
and cattle which in Europe are reared and fed on the produce of the 
land. We may hereafter expect more accurate information, however, 
especially regarding the interior of this interesting country. — See Jp- 
pmdizA. 
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to be not only familiar with the relatiTe vahie and efficien- 
.cy of the various manures, but also to understand how to 
prepare and apply without loss that which is best fitted to 
stimulate and support each kind of plant. How far this 
statement is exaggerated we are unable at present to deter- 
mine, but it is in this direction that chemistry appears Uke« 
ly to promote the advance of European agriculture. The 
practical farmer already rejoices in having in one ton of 
bone dust the equivalent of 14 tons of farm-yard manure ; 
some of the most skilful living chemists predict that meth- 
ods will hereafter be discovert for compressing into a still 
less bulky form the substances required by plants, and that 
we shall Uve to see extensive manufactories established for 
the preparation of these condensed manures.* 

Thus much may be said in regard to the future hopes and 
prospects of scientific agriculture, f But how few practical 

* Should the opinions above expressed appear too sanguine to tome, 
or be treated by any of my readers as merely theoretical^ I would refer 
them to the words of Mr. Smith, of Deanston, the inventor of the sub- 
soil plough, and the introducer of the greatest practical improvement in 
modem agriculture. After stating that a/ 2eax^(Aref-/(wrMi 9^ tiUipA^ 
arable land in the country is under very indifferent culture^ chiefly firom 
the want of complete draining and deep working, and, adverting to the 
increased produce it may be made to yield, he says, " it is not ai all 
improbable that Britain may become an ej^rting country in gndn in 
the course of the next twenty years." — Remarks on thorough draining 
and deep ploughing, by James Smi^ Esq., of Dean^on Works, p. 9£ 
Were the population to remain stationary, Mr. Smith may be ri^t; 
at all events, this opinion shows that even practical men do not despair 
of attaining to a pitch of improvement in agriculture whieh theoreUcal 
writers dare not venture to predict 

But among all persons or enlarged information a similar opinion pro- 
vails. Thus the eloquent author of a recent work on the pnnciples of 
population says, " the single alteration of substituting the kitchen-gar- 
den husbancby of Flanders in our plains, and the terraced culture of 
Tuscany in our hills, for the present system of agricultural manage- 
ment, would at once double the produce of the British islands, and pro- 
cure ample subsistence for twice the number of its present inhabitants." 
— Alison s Principles of PopuUUionl I. p. 316. These hopes are not to 
be rejected or suppressed ; for, though they may never be fully realized, 
yet tney are, as it were, the seeds of exertion, from which ample har- 
▼ests of good mav hereafter be reaped. 

t Those who have access to the Journal of th« Royal English Agri- 
cul^ral Society will find in the first number a paper by Mr. Pusey, 
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men are acquainted with what is already known of the prin- 
ciples of the important art by which they live I Trained up 
in ancient methods — attached generally to conservative prin- 
ciples in every shape— the practical agriculturists, as a bodyj 
have always been more opposed to change than any other 
large class of the community. They have been slow to be- 
lieve in the superiority of any methods of culture which dif. 
fered from their own, from those of their fat^Mars, or of the 
district in which they live — and, even when the superiority 
could no longer be denied, they have been almost as slow io 
adopt them. 

But the awakening spirit of the time is making itself felt 
in the remotest agricultural districts ; old prejudices are dy- 
ing out, and the cultivators of this most ancient, most im- 
portant, and noblest of all the arts, are becoming generally 
anxious for information, and eager for improvement.'" 

Two circumstances have contributed to retard the ap- 
proach of this better state of things. 

In the first place, the agricultural interest in England has 
hitherto expended its main strength in attempting to secure 
or maintain important political advantages in the state. The 
encouragement of experimental agriculture has been in gene- 

" On the present state of the science of Agriculture in England," in 
which much valuable information is contained, and of a more practical 
Idnd than I have been able to introduce. This paper ought to be print- 
ed in a separate form, and circulated widely among those who are not 
members of the Royal English Agricultural Society. 

* This opinion has been confirmed by the numerous communications 
I have received from all parts of the country since the publication of 
these Lectures was announced, and in which I am assured that the 
want of knowled^ is generally felt, and a supply in a sufficiently ele- 
mentary form desired, by all classes of agriculturists. I conclude, there- 
ion^ that Liebig means the following sentence to apply to his Grerman 
eountrjnnen : "What can be expected from the present (generation erf") 
fanners, which recoils with seemmg distrust and aversion from all the 
meax^ of assistance offered it by chemistry, and which does not under* 
stand the art of making a rational application of chemical discoveries." 
*I do not think chemists ought in fairness to blame the practical a^* 
culturists for not understanding the art of applying cheinical discoveries 
to the improvement of the culture of the land. They must first know 
what the discoveries are ; and the error has hitherto beeb, that no ateipa 
have been taken to diffuse this preliminary knowledge. 
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ral neglected, while the dilSusion of practical knowledge has 
been either wholly overlooked or considered subordinate to 
other objects. No national efforts have been made for the 
general improvement of the methods of culture* While for 
the other important classes of the community special schools 
have been established, in which the elements of adl the branch- 
es of knowledge most necessary for each class have been more 
or less compl^ely taught, and a more enlightened, because 
better instructed, race of men gradually trained up, no such 
schools have been instituted for the benefit of the agriculturist. 
In our Universities, in which the holders of land, those most 
interested in its improvement, are nearly all educated, a les- 
son upon agriculture, the right arm of the State, has hitherto 
scarcely ever been given.* With the practice of the art, the 
theory has also been neglected. Scientific men have had no 

* However satisfied young men may be to avoid the labor of addi- 
tional study while at CoUege, how many in after-life regret that their 
eariy attention had not b^n directed to some of those bianches of 
knowled^ which are applicable to common Ufe. Thus the late Lord 
Dudley, m his letters to tiie Bishop of Llandaff^ invariably laments, ''as 
mistakes in his early life, his unacquaintance with the rudiments of agri- 
culture — ^his ignorance of botany and geology."— (See also a note to the 
Review of these Letters in the Ctuarterly Review for December, 1840.) 

For this state of things we shall soon have at least a partial reme- 
dy.^ It is a remarkable fact that nearly all the new educationed insti- 
tutions of the higher cletss, on the Continent of Europe, of which so 
many have been founded within the present century, and all those 
which have been established in America, I believe, without exception, 
have incorporated into their course of general study one or more of the 
newer sciences. Can we have a more consentaneous and universal 
testimony to their value and importance than this 'i The University 
of London has been induced, by the same public demand for this spe- 
cies of instruction, to include Chemistry and Botany in its course of 
arts; and circumstances only have caused Geology to be omitted for a 
time. Its numerous affiliated institutions have followed its steps ; and • 
hence the Catholic College of St. Cuthbert, at Ushaw, has in this 
respect anticipated its Protesteint neighbor at Durham. 

But should the agricultural interest rest satisfied with this intro- 
duction of one or two branches, suppose it generally done, into the 
University"course of study 7 Many are of opinion tnat it ought not, 
and that the general interests of practical agriculture would m mani- 
festiy promoted, among other means, by the establishment of affricul- 
tural colleges, in which all the branches necessary to be Imown by en- 
lightened agriculturists of every class should be specially and distincUy 
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inducement to devote their time and talents to a subject 
which held out no promise of reward, either in the shape of 
actual emolument or of honorary distinction. And thus has 
arisen the second of those circumstances, by which I con- 
sider the approach of a better state of things to have been 
retarded — namely, the want of an Agricultural Literature. ] 
With the exception of a small number of periodical publi- 
cations, none of these even too well supporte49 by which at- 
tempts have been zealously made to diffuse important infor- 
mation among the practical farmers — ^it cannot be denied 
that the press has not been encouraged to do its utmost on 
behalf of agricultural knowledge in general^ — while the sin- 
gle work of Sir Humphry Davy is nearly all that chemical 
science has, in this country, been induced to contribute to 
the advancement of agricultural theory during the last forty _ 



Many of you have probably read this work of Sir H. 
Davy, and are prepared to acknowledge its value. Yet how 
many things does he pass over entirely, how many things 
leave unexplained. Since his time, not only have numerous 
practical observations and discoveries been made, but the 
entire science of animal and vegetable chemistry has been 
regenerated. We are not, therefore, to expect in his work 
a view of the present state, either of our theoretical know- 
ledge, or of our practical agriculture. It belongs rather to 
the history of the {progress of knowledge, than to the condi. 
tion of existing information. Hence the merits of the ag- 
ricultural chemistry of Davy are not to be tried by its ac- 

taught. Whether such Colleges might be beneficially annexed to the 
exUtmg Uniyersities, is a question deserving of serious consideration. 

♦ The latest edition of Lord Dundonald's " Treatise on the intimate 
connection between Chemistry and Agriculture/' which I have seenj is 
dated London, 1803. 

I should be doing injustice to a g^ood chemist and a zealous agricul- 
turist, were I not to direct the attention of my readers to a sexies of et-- 
cellent articles on chemical agriculture by Dr. Madden, inserted in the 
numbers of the Gluarterly Journal of Agriculture for the last two years. 

Since the above went to press. Three Lectures on Agriculture Iiave 
Appeared from the pen of Dr. Daubeny, of Oxford, whose name will 
•ecure them an extended circulation. 
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cordance with actual knowledge, but with what was known 
in 1812, when its distinguished author read his course of 
lectures for the last time before the Board of Agriculture. 

We may with certainty predict, however, that neither the 
practice nor the theory of agriculture will be permitted to 
experience in future that want of general encouragement 
under which during the last half century they have in Eng- 
land been permitted to languish. The public mind has been 
awakened, and the establishment of Agricultural Associa- 
tions, provincial and local, are manifestations of the interest 
now felt upon the subject in all parts of the country. It 
requires only the general exhibition of such an interest, and 
tiie adoption of some general means of encouragement, to 
stimulate both practical ingenuity and scientific zeal to 
expend themselves on this most valuable branch of national 
industry. 

Science is never unwilling to lend her hand to the practi- 
cal arts ; on the contrary, she is ever forward to proffer her 
assistance, and it is not till her advances have been rejected 
or frequently repulsed, that she refrains from aiding in their 
advancement. 

Need I advert, in proof of this, to the unwearied labours 
of the vegetable physiologists— or to the many valuable ob- 
servations and experiments recorded in the memoirs of sci- 
entific chemists. In these memoirs, or in professedly scien- 
tific works, such observations have not imfrequently been 
permitted to rest ; — the public mind being unprepared either 
to appreciate their value or to encourage the exertions of 
those who were willing to give them a practical and popular 
form. 

And how numerous are the branches of science connect- 
ed with this art ? Need I speak of botany, which is, as it 
were, the foundation on which the first elements of agricul- 
ture rest ; or of vegetable physiology, to the indications of 
idiich it has hitherto almost exclusively looked for improve- 
ment and increased success ; or of zoology, which alone can 
throw light on the nature of the numerous insects that prey 
upon your crops, and so often ruin your hopes, — and which 
can alone be reasonably expected to arm you against their 
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ravages, and instruct you to extirpate them ? Meteorology 
among her other labours tabulates the highest, the mean, 
and the lowest, temperatures, as well as the quantity of rain 
which falls during each day and each month of the year* 
Do you doubt the importance of such knowledge to the pro- 
per cultivation of the land ? Consider the destructive effects 
of a late frost in spring, or of a continued heat in summer, 
and your doubts wUl be shaken. A wet season in our own cli- 
mate brings with it many evils to the practical agriculturist ; 
but what effect must the rain have on the soil, in countries 
where nearly as much falls in a month, as in England du- 
ring the course of a whole year ;*• — where every thing solu- 
ble is speedily washed from the land, and nothing seems to 
be left but a mixture of sand and gravel ? It maiy indeed 
be said with truth, that no department of natural science is 
incapable of yielding instruction — that scarcely any know- 
ledge is superfluous — ^to the tiller of the soil. 

It is thus that all branches of human knowledge are bound 
together, and all the arts of Ufe, and all the cultivators of 
them, mutually dependent. And it is by lending each a 
helping hand to the others, that the success of all is to be 
secured and accelerated ; while with the general progress of 
the whole the advance of each individual is made sure. 

The recent contributions and suggestions of geology are 
the best proof of the readiness of the sciences of observation 
to give their aid to the promotion especially of agricultural 
knowledge. The geologist can best explain the immediate 
origin of your several soils, the cause of the diversities 
which even in the same farm, it may be in the same field, 
they not unfrequently exhibit ;f the nature and differences 

* At Canton, m llie month of May, the fall of ram is often as miush aa 
20 inches. 

1 1 cannot refer to a plainer, more simple, or more beautiful illustra- 
tion of this fact than that which is presented in a short paper by Sir John 
Johnstone, Bart., inserted in the Journal of the English Agricuknral 
Society, I. p. 271, entitled " On the Application of Geology to Agricul- 
ture." See also an able paper by the Rev. Mr. Thorpe, of which a val- 
uable report is contained in the Doncaster Chronicle of December 5th. 
and which will be published in the proceedings of the Grcological and 
Polytechnic Society of the West Riding of Yoikshire. 
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among your subsoils, and the advantages you may expect 
from breaking them up or bringing them to the surface. 

Creology is essentially a popular science, and the talents 
of its eminent English cultivators are admirably fitted to 
make it still more so. Hence, a certain amount of know- 
ledge of this science has been of late years very generally 
diffused, and its relations to agriculture are becoming every 
day better understood. The Highland Society of Scotland^ 
among its many other useful exertions, has done very much 
to connect agriculture and geology with the sphere of it* 
own labours, while the Journal of the Royal Agricultural 
Society of England manifests a similar desire on the part of 
that numerous and talented body, to illustrate the connec* 
tion of agriculture with geology and chemistry, in the south* 
em division of the island. That Dr. Buckland, Mr. Mur- 
chison, and Mr. De la fieche have each engaged to make a 
gratuitous survey of the subsoils in several extensive agricul- 
tural districts, at the request of the Council of this Society,* 
shows that, where their services are estimated, our most em- 
inent scientific men will not hesitate to devote them to the 
development of the most important branches of national 
industry. 

The time, therefore, is peculiarly favourable for the in- 
crease and difiusion of agricultural knowledge. The growth 
of our population requires it — ^practical men are anxious to 
receive instruction — scientific men are eager to impart what 
they know, and to make new researches for the purpose of 
clearing up what is unknown — are we not justified, there- 
fore, in anticipating hereafter a constant and general difiu- 
sion of light, a steady progress of agricultural improvement ? 

Having thus glanced at the state and prospects of scien- 
tific agriculture in general, and especially of the art of cul- 

* Journal of the Royal Agricultural Society, Report of their Coun- 
^I. p. 188. 

To form a just idea of the value and importance of such sunreys, it is 
oiJv necessary to re€ui chap, iv., pp. 463 to 480, of Mr. De la Beche's 
*' Geological Report on Cornwall and Devon," or Professor Hitchcock's 
'* Report on a re-examination of the Economic Creology of Massachu- 
setts.'* 

2 
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ture in England, permit me to advert to a few of thoge 
questions of daily occurrence among you, to which chemis- 
try alone can give a satisfactory answer. I shall not in 
this place allude to the subject of manures— which form 
alpoe an entire chapter of most recondite chemistry, and 
which I shall take up in its proper place, but I shidl select a 
few isolated topics, the bearing of chemical knowledge upon 
which is sufficiently striking. 

Some soils are naturally barren, but how few of our agri- 
culturists are able, in regard to such soils generally,, to say 
why ; how few who |)ossess the knowledge requisite for 
discovering the cause ! Of these barren lands some may 
be improved so as amply to repay the outlay ; some, from 
their locality or from other causes, are in the present state 
of our knowledge irreclaimable. How important to be able' 
to distinguish between these two cases ! 

Some apparently good soils are yet barren in a high de- 
gree. In endeavouring to improve such soils, practiced men 
have no general rule — ^they can have none. They work in 
the dark— like a man who makes experiments in a laborato- 
ry, without a teacher or without a book, till, after many 
blunders and much expense, he discovers some fact, to him- 
self new, but to others long known, and forming only one 
of many analogous facts, flowing from a common, and pro- 
bably well-understood, principle.^ 

" The application of chemical tests to such a soil," says 
Sir Humphry Davy, '* is obvious. It must contain some 
noxious principle,* which may be easily discovered and pro- 
bably easily destroyed. Are any of the salts of iron pre- 
sent, they may be decomposed by lime. Is there an excess 
of siliceous sand, the system of improvement must depend 
on the application of clay and calcareous matters. Is there 
a defect of calcsireous matter, the remedy is obvious. Is an 
excess of vegetable matter indicated, it may be removed by 
liming, paring, and burning. Is there a deficiency of vege- 
table matter, it is to be supplied by manure, "f 

What wajs true in regard to the applications of chemistry. 

♦ Or be deficient in some necessary element— J. 
t Agricultural Chemistry, Lecture!. 
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in the time of Sir Humphry Davy is more true in a high 
degree of the chemistry of our time. Not only is the na- 
ture of soils better understood, but we know in many caaes 
what a soil must contain before it will produce a given crop* 
Why do pine forests settle themselves on the naked and 
apparently barren rocks of Scotland and of Northern Eu- 
rope, content if their young roots can find but a crevice in 
the mountain to shelter them ? Why does the i)eech luxu- 
riate in the alluvial soils of Southern Sweden, of Zealand, 
and Continental Denmark ? Why does the birch spring op 
from the ashes of the pine forest — ^why the rapid rush of deli- 
cate grass from the burned prairies of India and of Northern 
America ? Whence comes the thick and tender sward of 
the mountain limestone districts — ^whence the gigantic 
wheat stalk of a virgin soil ? Why do the same forest trees 
propagate themselves for ages on the same spots without im- 
poverishing the soil-^why do the natural grasses, the longer 
they are undisturbed, render the land only the more fertile ? 

These, one would think, are scarcely chemical questions, 
Und yet to all of them, and to a thousand such, chemistry 
elone can and will give a satisfactory answer* 

The rotation of crops is a practical rule, the benefit of 
which has been proved by experience ; it becomes a true 
philosophical principle of action, when we discover the- 
causes from which this benefit springs. Botany has thrown 
considerable light, and of an interesting and important kind, 
upon this practice, but chemistry has nilly cleared it up and 
established the principle. 

Sir Humphry Davy speaks g£ the use of lime* Can you 
explain the mysterious, and apparently fickle and diversi- 
fied, agency of this substance in reference to vegetation ? 
Are the advantages so frequently attendant upon its use to 
be ascribed to the chemical character of the soil to which it 
is applied, to the kind and quantity of the vegetable matter 
it contains, or to the geological nature of the rocks on 
which it rests ? Are they dependent upon the drainage and 
exposure of the land— on the kind of crop to be raised— ^n 
the general climate of the district-^on the maxima and 
minima of temperature— or on the quantity of rain which 
falls? 
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So with gypsum. Why are its effects lauded in one dk- 
trict, doubted in another, and decried in a third I Are no 
rules or principles to be discovered, by which these diversi- 
fied effects are to be explained, and the true purpose and fit 
use of these and other mineral substances clearly pointed 
out ? Such principles are yet to be sought for ; but if sought 
by the way of well devised and accurately conducted expe- 
riment, they are sure to be discovered. 

The land is exhausted by frequent cropping. What lan- 
guage more familiar, what statement more true than this ? 
Yet how few understand what exhaustion implies ; how few 
can explain either how it takes place, by what means it can 
be remedied, or how, if left to herself, nature at length does 
apply a remedy ! 

Have you any doubt in regard to the prevailing ignorance 
on this subject ? To be satisfied, you have only to look with 
an experienced eye on the agricultural practice of the coun- 
ty pf Durham. Are there not thousands of acres in the 
centre of this county which exhibit a degree of unproduc- 
tiveneas not natural to the soil ; — ^which have been over- 
cropped, and worn out, and impoverished ? A soil compara- 
tively fertile by nature has been rendered unfertile by art. 
That which was naturally good has been rendered as unpro* 
ductive and unprofitable as that which was naturally bad. 
Has this state of things arisen from ignorance, from design, 
or from necessity ? By whichever of these it has been im- 
mediately caused, it is clear that the requisite degree of 
knowledge on the part of the owners of the soil would have 
retarded if not wholly prevented it. 

The same knowledge Mdll enable them to reclaim these 
lands again, and gradually restore them to a. more fertile 
condition ; for the change^ which the soil undergoes in such 
circumstances are all chemical changes, — either in the rela- 
tive quantities of the substances it contains, or in the state 
of combination in which they exist. 

The art of culture indeed is almost entirely a chemical 
art, since nearly all its processes are to be explained only on 
chemical principles. If you add Hme or gypsum to your 
land, you introduce new chemical agents. If you irrigate 
your meadows, you must demand & reason from the chemist 
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for the abundant growth of grass which follows. Do yoa 
find animal manure powerful in its action, is the efiect 
of some permanent, while that of others is speedily exhaust* 
ed ? — does a mixture of animal and vegetable manure pre- 
pare the land best for certain kinds of grain ?— do you employ 
qommon salt, or gypsum, or saltpetre, or nitrate of soda, 
with advantage ? — ^in all these cases you observe chemical - 
results which you would be able to control and modify did 
jrou possess the requisite chemical knowledge. 

It is not wonderful that even theoretical agriculturists 
•bould be far behind in the knowledge of those principles on 
which their most important operations depend. The great- 
est light has been thrown Upon the art of culture by the re- 
searches of organic chemistry, a branch which may be said 
to have started, if not into existence, at least into a new life, 
within the last ten years. Every day too is adding to the 
number and value of its discoveries, and the agriculturist may 
well be pardoned for not keeping pace with the advances of 
a department of science, which even the professed and de- 
voted chemist can scarcely overtake. 

I might advert also to the mechanical operations of plough- 
ing, whether common or subsoil, of fallowing, draininffi 
weeding, and many others, as being only so many methods 
by which chemical action is induced or facilitated ; — ^to the 
growth of f^ants, and even to such observed differences as 
that of the relative quantity of leaves and tubers in the po- 
tatoe, and of grain and straw in our corn-fields, as interest- 
ing cases on which scientific chemistry throws a flood of 
light. I might shew how the feeding of your cattle and the 
raising and management of dairy produce are not beyond 
the province of chemistry, but that the only approach to sci- 
entific principle yet made, even in these branches of hus- 
bandry, is derived from the results of chemical research. 

But I do not dwell on any of these points : they will all 
hereafter come under our review in their appropriate order, 
and will afibrd me an opportunity of laying before you many 
important facts, as well as, I hope, valuable practical deduc- 
tions and observations. 

While, however, I feel justified in saying thus much of 
the light which existing chemical knowledge throws on the 
2* 
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natural processes of vegetation, and on the artificial methods 
of practical agriculture, I would not lead you to suppose 
that our knowledge is by any means complete, that there 
are not many points over which much darkness still rests*- 
that some of the theoretical views now entertained are not 
crude, adopted too hastily, and generaUzed too rapidly. But 
a similar confession may be made in reference to all the 
modem sciences of observation without diminishing their 
importance or detracting from the value of the facts they 
embody. Human science is progressive in all its branches, 
and to refuse to follow the indications of existing knowledge 
because it is to some extent uncertain, would be as foolinh 
as to refuse to avail ourselves of the morning's Ught, because 
it is not equal to that of the midday sun. 



I advance, therefore, to the special object of these lee- 

Qt you with a rapid outline of 

to follow. It is indispensable 

imple, and that every consecu^ 

fitted to clear the way for, and 

follow, that we m^ be able to 

tnents to the most difficult and 

3t, without any chance of the 

jult to comprehend. This end 

I do not hope perfectly to attain^ but it will be my constant 

aim, and, with due attention on your part, I do not fear that 

we shall fail in arriving at a perfect understanding of the 

various points tp which I shall have occafdon to direct your 

attention. 

I propose, therefore, to bring before you— 

I. The constitution of vegetable substances^with the pro- 
perties of the elementary and compound Kodies which 
either enter into the sut^tances of plants or contribute to 
their growth and nourishment. 

II. The general structure and functions of the several 
parts of plantsh— their mode of growth — and the manner in 
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which their food is ahsorbed, changed, and converted into 
parts of their subskince. 

III. Hie origin, nature, and principal differences of soils 
— ^with the circumstances on which their relative fertility 
depends, or under which it is modified. 

IV. The nature and difierences of manures, and their 
mode of action, whether, directly in supplying food to the 
plant, or indirectly in hastening and mcreasing their 
growth. 

y. The nature and diversities of the food raised as ih% 
result of culture— especially in reference to their several 
equivalents or powers of supporting animal life. 

Under this head the feec&ng of cattle* and the variations 
in the quantity and quaUty of dairy produce, will form sub- 
jects of consideration. 

These different branches, I believe, comprehend the 
whole subject of chemical agriculture ; in regard to all of 
them we shall derive either from chemistry or geology 
much impoirtant information. 

§ 1. Different kinds and states of Mattet. 

All the forms of matter which [resent thems^es to our 
view, whether in the solid crust of the globe on which we 
Hve, in the air which forms the atmosphere by which we 
are surrounded, or in the bodies of animals and plants — all 
are capable of being divided into the two great groups of 
organic and inorganic matter. The solid rocks and soils, 
the atmosphere, the waters of the seas and oceans, every , 
thing which neith er is nor has been the_seat of life, may 
generally be included under the head of inoTgamc'inatter. 
The bodies of all living animals and plants, and their dead 
carcases, consist of organic or organized matter. These 
generally exhibit a kind of structure readily visible by the 
eye, as in the pores of wood, and in the fibres of hemp, or 
of the lean of beef,* and are thus readily distinguished from 
inorganic matter, in which no such structure is observable. 

* The pores of wood and fibres and minute vessels in animals hems 
the organs or instruments of life, the substances themselves are called 
organized or organic. 



Digitized by LjOOQIC 



80 OROANIC StnSSTANCBS. 

But in many substances of organic origin also, no struc- 
ture is observable. Thus, sugar, starch, and gum, are 
^2rpie44a4]lants in ^eat abundance, and yet do not present 
any pores or"lSbres ; they have never been endowed with 
organs, yet being produced by the agency of living organs, 
they are included under the general name of organic mat* 
ter. So when animals and plants die, their bodies undergo 
decay, but the matter of which they are composed is con- 
sidered as of organic origin, not only as long as any tiaees 
of structure are observable, but even after all such traces 
have disappeared. Thus coal is a substance of organic ori- 
gin, though almost all traces of the vegetable matter from 
which it has been derived, have been long ago obliterated. 

Again, heat chars and destroys wood, starch, and^ gum, 
forming black substances totally unlike the original matter 
acted upon. By distillation, wood yields tar and vinegar ; 
and by fermentation, sugar is converted first into aleohol, 
and then into vinegar. All substances derived from veget- 
able or animal products by these and similar processes are 
included under the general designation of organic bodies. 

Now if we take a portion of almost any of those numerous 
forms of matter which we meet with either in the inorganic 
or in the organic kingdoms, we find, that on subjecting it 
to certain chemical processes, it is capable of being resolved 
or separated into more than one substance. Thus coal 
when put into a gas retort is resolved into tar, coal gas, and 
certain other substances. Wood, when treated in the same 
way, 3rields pyroligneous acid, tar, and water, and leaves 
behind a residue of charcoal. If again we subject charcoal 
to the action of heat (not in the open air), or to any other 
process we can devise, we can never separate any thing 
further from it After all our operations we obtain only 
charcoal. 

So a piece of common lead ore, when heated in a similar 
manner, will, if pure, give ofi* sulphur only, and leave the 
lead behind, from which nothing but lead can afterwards be 
extracted. 

Thus it is evident that wood and the ore of lead difier 
from charcoal and metallic lead in this respect, that the forw 
mer consist of more than one kind of matter, the latter of 
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one kind of matter only. Hence charcoal and lead are 
called simple or elementary bodies, while wood and all other 
substances which are capable of being resolved into two or 
more different kinds of matter are called compound bodies* 

The diversified forms of matter which present themselves 
to our notice in the mineral crust of the globe, and in the 
organs and vessels of plants and animals, are absolutely 
without number. We can no more reckon them than we 
can the stars of heaven. Yet it is one of those results of 
modern chemistry which to the mind not yet familiarized 
with chemical discoveries appears most wonderful, — ^that 
these numberless forms of matter are capable of being re« 
solved into, and therefore are composed or made up of, only 
55* of those simple or elementary substances, the nature of 
which has been above explained. Occasionally these ele- 
mentary substances occur in a separate state, as in nativef 
gold and silver, but they are generally found associated tp* 
gether, forming substances from which several of the 55 
simple bodies may be extracted. 

All the material substances in nature consist of one or 
more of these 55 elementary bodies. This is sufficiently 
surprising, yet it is, if possible, still more remarkable that 
nearly the entire mass of every vegetable substance may be 
resolved into one or more o£ four only of these simple sub- 
stances. 

When a portion of animal or vegetable matter is burned 
it either entirely disappears or leaves behind it only a small 
quantity of ash. Anin^al and vegetable oils and fats, gum, 
sugar, and starch, when bumedj disappear entirely ; a piece 
of wood or of lean meat leaves a small quantity of earthy 
(inorganic) matter behind. 

• The names of these elementary bodies are as follows: — Oxygen, 
hydrogen, nitrogen, sulphur, selenium, phosphorus, chlorine, bromme, 
iodine, fluorine, carbon, boron, tulicon, potassiiun, sodium, lithium, 
barium, strontium, calcium, magnesium, aluminiimi, glucinium, yttri- 
um, zirconium, thorium,, cerium, Ismthanium, manganese, iron, cobalt, 
nickel, zinc, cadmium, lead, tin, bismuth, copper, uranium, mercury 
((quicksilver), silver, palladium, iridium, platinum, gold, osmium, tita- 
mum, tantalum (columbium), tungsten, molybdenum, vanadium, 
cliromium, antimony, tellurium, arsenic. 

t So called when found in the malleable state. 
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Now all that disappears when any portion of vegetable 
matter, of any kind, is burned, consists generally of three, 
and only in some rare cases of more than four, of the ele- 
mentary bodies. These four are carbon, oxygen, hydrogen, 
and nitrogen. With the exception of the matter indes- 
tructible by fire (the ash), chemical analysis* has hitherto 
failed to detect the presence, in any notable quantity, of 
more than these four substances. The same remarks apply 
with almost equal truth to animal substances. The de- 
structible part of these also consists of the same four 
elements. 

To the agriculturist, therefore, an acquaintance with 
these four constituent parts of all that lives and grows on 
the face of the ^obe is indispensable. It is impossible for 
him to comprehend the laws by which the operations of na- 
ture in the vegetable kingdom are conducted, nor the reason 
of the processes he himself adopts in order to facilitate or to 
modify these operations, without this previous knowledge of 
the nature of the elements — the raw materials as it were— - 
out of which all the products of vegetable growth are 
elaborated. 

I rfiall first, therefore, exhibit to you briefly the properties 
of these organic constituents of plants, in order that we may 
be prepared for the further inquiries — ^by what means or in 
what form they enter into the circulation of plants — and 
how, when they have so entered, they are converted into 
those substances of which the skeleton of the plant consists 
or which are produced in its several organs. 

§ 2. Carbon — Us properties and reUxtians to vegetable life. 

Carbon is the name given by chemists to the substance 
of wood charcoal in its purest form. When wood is dis- 
tilled in close vessels, or burned in heaps covered over, so 
as to prevent the free access of air, wood charcoal is left 
behind. When this process is well performed, the charcoal 

♦ Under the general name of chemical analysis are comprehended the 
various processes by which, as above explained, natural forms of matter 
may be resolved or separated into the several dements or simple sub- 
Stances of which they consist, 
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consists of carbon with a slight admixture only of eaxthj 
and saline matters, whidi xemain behind on biirning the 
charcoal in the air« 

Heated in the air, charcoal bums with little flanoe, and, 
with the exception of the ash which is left, entirely disap- 
pears. It is converted into a kind of air known among 
chemists by the name of carbonic acid, which ascends as it 
is formed and mingles with the atmosphere. 

Charcoal is light and porous, and floats upon water, but 
plumbago or black lead and the diamond, which are only 
other forms of carbon, are heavy and dense. The former 
is 2^, and the latter 3^, times heavier than water. The 
diamond is the purest form of carbon, and at a high tem- 
perature it burns in the air or in oxygen gas, and, like char- 
coal, disappears in the state of carbonic acid gas. 

Of this carbon all vegetable substances contain a very 
large portion. It forms from 40 to 50 per cent., by weight, 
of all the pcu*ts of plants which are cultivated for the food 
of animals or of man.* In the economy of nature, there- 
fore, it performs a most important part. 
' The light porous charcoals obtained from woodf and 
from animal substances possess several interesting properties, 
which are of practical application in the art of culture. 
1°. They have the power of absorbing in large quantity into 
their pores, the gaseous substances and vapours which exist 
in the atmosphere ;^ and on this property, as I shall explain 
hereafter, the use of charcoal powder as a manure probably 
in some measure depends. 2°. They also separate from 
water any decayed animal matters or colouring substances 
which it may hold in solution ; hence its use in filters for 
purifying and sweetening impure river or spring waters, or 
for clarifying syrups and oils. This action is so powerful 
that port wine is rendered perfectly colourless by filtering 
through a well prepared charcoal. 

• That is, of these plants in their dried state. 

t Especially from the willow, the pine, and the box. 

% Thus of ammonia they absorb 95 times their own bulk, of sulphur- 
etted hydrogen 55 times, ctf oxygen 9 times, of h3rdrogen nearly twice 
their bulk, and of aqueous vapour so much as to increase their wei^ 
from 10 to 20 per cent. 
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In or upon the soil charceftl for a time will act in the 
same manner, will absorb from- the air moisture and gas- 
eous substances, and from the rain and from flowing waters 
organized matters of various kinds, any of which it will be 
in a condition to yield to the plants which grow around it, 
when they are such as are likely to contribute to their 
growth. 

3°. They have the property also of absorbing disa^eeablt 
odours in a very remarkable manner^ Hence animal food 
keeps longer sweet when placed in contact with char- 
coai — ^Jience also vegetable sub^ances containing much 
water, such as potatoes, are more completely preserved by 
the aid of a quantity of charcoal — ^and hence the refuse 
charcoal of the sugar refiners is found to deprive night-^oil 
of its disagreeable odour, and to convert it into a dry and 
portable manure. 4°. They exhibit also the still more sin- 
gular property of extracting from water a portion of the 
saline substances they may happen to hold in solution, and 
thus allowing it to escape in a less impure form. The de- 
cayed (half carbonized) • roots of grass, which have been 
long subjected to irrigation, may act in one or all of these 
ways on the more or less impure water by which they are 
irrigated: — ^and thus gradually arrest and collect the mate- 
rials which are fitted to promote the growth of the coming 
crop. 

§ 3. Oxygen--^ properties and rdations to vegetable life. 

Oxygen is a substance with which we are acquainted 
only in the gaseous or aeriform state.* By the unaided 
senses it cannot be distinguished from common air, being 
void of colour, taste and smell. But if a lighted taper be 
plunged into it, the flame is wonderfully increased both in 
size and brilliancy, and the taper burns away with great 
rapidity. 

The efiect of this gas upon animal life is of a similar 
kind. When a living animal is introduced into a large ves» 

* In this state it is readily obtained by heating in a glass retort the 
red oxide of mercury of the shops, or a white ssdt known by the name 
of chlorate of potaw. 
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sel filled with oxygen, the nKpicfity of the circulatioii It in- 
creased, all the yitid fiinctioiis are atimidated and excited, a 
state of fever comes on, and after a time the animal 



By these two characters, oxygen is distinguished from 
every other elementary body. It exists in the atmosf^re 
to the amount of 21 per cent, of its bulk, and in this state 
of air is necessary to the existence of animals and of plants^ 
and to ths support of combustion on the face of the globe. 
It exists also largely in water, every nine pounds of this 
liquid containing eight pounds of oxygen. 

But the quantity of this substance which is stored up in 
the solid rocks is still more remarkable. Neariy one-half 
of the weight of the solid rocks which compose the crust of 
our globe, of every solid substance we see around us— of the 
houses in which we live, and of the stones on which we 
tread— of the soils which you daily cultivate, and much 
more than one-half by weight of the bodies of all living ani- 
mals and plants, consist of this elementary body oxygen, 
known to us, as I have already said, only in the state of a 
gas. It may not appear surprising that any one elementary 
substance should have been form^ by the Creator in such 
abundance as to constitute nearly one-half by weight of the 
entire crust of our globe, but it must strike you as remark- 
able, that this should also be the element on the presence 
of which all animal Ufe depends — and as nothing less than 
wonderful, that a substance which we know only in the 
state of thin air, should, by some wonderful mechanism, be 
bound up and imprisoned in such vast stores in the solid 
mountains of the globe, be destined to pervade and refresh 
all nature in the form of water, and to beautify and adorn 
the earth in the solid parts of animals and plants. But all 
nature is full of similar wonders, and every step you ad- 
vance in the study of the principles of the art by which you 
live, you will not fail to mark the united skill and bounty of 
the same great Contriver. 

Oxygen gas is heaver than common air in the proportion 
of about 11 to 10 ;* it is also capable of being absorbed by 

* Its specijc gravity by experiment is 1*1036, air being 1. 
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water to a certain extent. Oiie hundred measures of water 
dissolve 6^* of this gas. Rain, spring, and river waters, al- 
ways contain a portion of oxygen which they have derived 
from the atmosphere, and this oxygen as they trickle through 
the soil, ministers to the growth and nourishment of plants 
in various ways. Some of these will be explained in a sub- 
sequent lecture. 

In an atmosphere of pure oxygen gas, plants refuse to 
vegetate and speedily perish. 

§ 4. Hydrogen — its properties and relations to vegetable life. 

Hydrogen is also known to us only in the state of gas, 
and when perfectly pure agrees with oxygen and common 
air in being without colour, taste, or smell. It is not known 
to occur in nature in a free or simple state, nor does it exist 
so abundantly as either carbon or oxygen. It forms a 
small per centage of the weight of all animal and vege- 
table substances, and constitutes one-ninth of the weight of 
water, but with the exception of coal, it does not enter a^ a 
constituent into any of the large mineral masses that exist 
in the crust of the globe. 

When a lighted taper is plunged into this gas it is im- 
mediately extinguished, but if in contact with the air the 
gas itself takes fire and burns with a pale yellow flame. If 
previously mixed with air or with oxygen gas, it kindles 
and burns with a loud explosion. During this combustion 
water is formed, f 

It does not support life, animals cease to breathe when 
introduced into it, and plants gradually wither and die. It 
is the lightest of all known substances, being about 14^ times 
lighter than common air,:|: so that if the stopper be removed 
from a bottle in which it is contained it almost immediately 
escapes. It is the element which is employed to give 
buoyancy to balloons ; and by this great levity and its re- 

♦ De Saussure. According to Dr. Henry, 100 volumes of water ab- 
soifo only 3i of oxygen. 
t See the Second Lecture. 
I Its specific gravity, by experiment, is 0*0687, air being 1. 
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lations to flame it is readily (Ustingui^ed from all other 
known substances. 

Water absorbs it only in very small quantities, 100 gal- 
lons taking up no more than about 1 h gallons of hydrogen gas. 
But, as already observed, this gas does not exist in nature 
in a free state — ^is not necessary, therefore, to the growth of 
plants or animals in this state — and hence its insolubility 
in water is in unison with the general adaptation of every 
property of every body, to the health and growth of the 
highest orders of living beings. 

Hydrogen gas is readily obtained from water by putting 
into it a few pieces of metallic iron or zinc, and adding a 
little sulphuric acid (oil of vitriol). Bubbles of the gas are 
liberated from the surface of the metal, ascend through the 
water, and may be collected on th^ surface. 

§ 5. Nitrogen — its properties and relations to vegetable life. 

Nitrogen is also known to us only in the form of gas. It 
pxists in the atmosphere to the amount of 79 per cent, of 
its bulk. It is without colour, taste, or smell. Animals and 
plants die in this gas, and a taper is instantly extinguished 
when introduced into it ; the gas itself undergoing no 
change. It is lighter than atmospheric air, in, the proper- 
tion of 97i to 100.* It is an essential constituent of the 
air we breathe, serving to temper the ardour with which com- 
bustion would proceed and animals live in undiluted oxygen 
gas. It forms a part of very many animal and of some 
vegetable substances, but it is not known to enter into the 
composition of any of the great mineral masses of which 
the earth's crust is made up. In coal alone, which is of 
vegetable origin, it has been detected to the amount of one. 
or two per cent. It is therefore much less abundant in na- 
ture than any of the other so called organic elements— and 
it exhibits much less decided properties than any of them ; 
yet we shall hereafter see that it performs certain most im- 
portant functions in reference both to the growth of plants 
and to the nourishment of animals. 

• Its density is 0*976, air being 1. 
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One hundred volumes of water dissolve about 1) volumes 
of this gas.* Spring and rain waters absorb it as they do 
oxygen, from the atmospheric air, and bear it in solution to 
the roots, by which it is not unlikely that it may be con- 
veyed directly into the circulation of plants* 



Such are the several elementary bodies of which the or- 
ganic or destructible part of vegetable substances is formed. 
With one exception they are known to us only in the form 
of gases ; and yet out of these gases much of the soUd parts 
of animals and of plants are made up. When alone, at the 
ordinary temperature of the atmosphere they form invisible 
kinds of air ; when united, they constitute those various 
forms of vegetable matter which it is the aim and end of the 
art of culture to raise with rapidity, with certainty, and in 
abundance. How difficult to understand the intricate pro- 
cesses by which nature works up these raw materials into 
her many beautiful productions — yet how interesting it must 
be to know her ways, how useful even partially to find 
them out 1 



Permit me, in conclusion, to submit to you one reflection. 
We have seen that oxygen, hydrogen, and nitrogen, are all 
gaseous substances, which when pure are destitute of co- 
lour, taste, and smell. They cannot be distinguished by 
the aid of our senses. Man in a state of nature— uneduca- 
ted man— cannot discern that they are different. Yet so 
simple an instrument as a lighted taper at once shows them 
to be totally unlike each other. This simple instrument, 
therefore, serves us instead of a new sense, and makes us 

* Henr^ De Saussure says, that pure water absoifos 4 per cent, of ita 
bulkoftlusgas. 
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aequainted with properties the existence of which, without 
such aid, we should not even have suspected. Has the 
Deity then heen unkind to man, or stinted in his benevo- 
lence in withholding the gift of such a sense. On the con- 
trary, he has given us an understanding which when culti- 
vated is better than twenty new senses. The chemist in 
his laboratory is better armed for the investigation of na- 
ture, than if his organs of sense had been many times mul- 
tiplied. He has many instruments at his command, each 
of which, Uke the taper, tells him of properties which neither 
his senses nor any other of his instruments can discover ; 
and the further his researches are carried, the more willing 
does nature seem to reveal her secrets to him, and the more 
rapidly do his chemical senses increase. Do you think 
that the rewards of study and patient experimental research 
are confined to the laboratory of the chemist, and that the 
Deity will prove less kind to you, whose daily toil is in the 
great laboratory of nature ? As yet you see but faintly the 
reason of many of your commonest operations, and over the 
results you have comparatively little control— but the light 
is ready to spring up, the means are within your reach — ^you 
have only to employ your minds as diligently as you labour 
with your hands, and ultimate success is sure. 



3* 
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LECTURE II. 

Characteristic properties of organic substances — Relative proportions 
of organic elements — Variable proportions of inorganic elements in 
plants — Form in which the orgamc elements are taken up by plants 
— The atmosphere, its constitution and relations to ve^table life — 
Nature and laws of chemical combination — Water and its relations 
to vegetable life. 

§ 1, Characteristic properties of organic substances. 

Of the four elementary substances described in the form'- 
er lecture, the organic part of all animal and vegetable sub- 
stances consists. What is understood by the term organic 
has also been explained. 

But organic substances possess certain characters by 
which they are distinguished from the inorganic or dead 
matter of the globe, and on which their connection with 
the principle of life, and with the art of culture, entirely 
depends. These chu*acteristic properties are chiefly the 
following : 

1°. They are all easily decomposed or destroyed by a 
moderately high temperature. If wood or straw be heated 
in the air, a9 over the flame of a candle, it becomes charred, 
burns, and is in a great measure dissipated. So sugar and 
starch darken in colour when heated, blacken, and take 
fire. The same is true of all vegetable substances. But 
limestone, clay, and other earthy or stony matters, undergo 
no apparent change in such circumstances — they are not 
decomposed. 

2°. When exposed to the air, especially if it be warm 
and moist, vegetable and animal substances putrify and 
decay.* They decompose of their own accord, and after a 
time almost entirely disappear. Such is not the case with 

* F<Mr an explanation of the exact nature and end of this putrefaction, 
•ee the subsequent Lecture, " (M Me decay of ammal and vegetable 
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inorganic matters. If the rocks and stones crumble, their 
particles may be washed away by the rains to a lower leyel, 
but they never putrify or wholly disappear. 

3°. They consist almost entirely of two or more of the 
four organic elements only. The mineral substances we 
meet with on the earth's surface^ and collect for our cabi- 
nets, often contain portions of many elementary bodies; 
but, with few exceptions, the organic part of all plants, that 
which lives and grows, contains only the four simple sub- 
stances described in my former lecture. 

4°. They are distinguished also by this important charac- 
ter, that they cannot be formed by human art. Many of 
the inorganic compounds which occur in the mineral crust 
of the globe can be produced by the chemist in his labora- 
tory, and were any corresponding benefit likely to be de- 
rived from the expenditure of time and labour, there is rea- 
son to believe that, with a few exceptions, nature might be 
imitated in the formation of any of her mineral productions. 
But in regard to organic substances, whether animal or vege- 
table, the chemist is perfectly at fault. He can form nei- 
ther woody fibre, nor sugar, nor starch, nor muscular fibre, 
nor any of those substances which constitute the chief bulk 
of animals and plants, and which serve for the food of ani- 
mated beings. This is an important and striking, and is, I 
believe, likely to remain a permanent distinction, between 
most substances of organic and of inorganic origin. 

Looking back at the vast strides which organic chemis- 
try has made within ther last twenty years, and is still con- 
tinuing to make, and trusting to the continued progress of 
human discovery, some sanguine chemists venture to antici- 
pate the time when the art of man shall not only acquire 
a dominion over that principle of life, by the agency of 
which plants now grow and alone produce food for man and 
beast, but i^ali be able also, in many cases, to imitate or 
dispense with the operations of that principle ; and to pre- 
dict that the time will come when man shall manufacture 
by art those necessaries and luxuries for which he is now 
wholly dependent on the vegetable kingdom. 

And, having conquered the winds and the waves by the 
agency of steam, is man reaUy destined to gain a victory 
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over the uncertain seasons too? Shall he come at last to 
tread the soil heneath his feet as a really useless thing-r-to 
disregard the genial shower, to despise tiie influence of the 
balmy dew — to be indifferent alike to rain and drought, to 
cloud and to sunshine— to laugh at the thousand cares of 
the husbandman — ^to pity the useless toil and the sleepless 
anxieties of the ancient tillers of the soil ? Is the order of 
nature, through aU past time, to be reversed — are the en- 
tire constitution of society, and the habits and pursuits of 
the whole human race, to be completely altered by the pro- 
gross of scientific knowledge ? 

By placing before man so many incitements to the pur- 
suit of knowledge, the will of the Deity is, that out of this 
increase of wisdom he should extract the means of increased 
happiness and enjoyment also. But set man free from the 
necessity of tilling the earth by the sweat of his brow, and 
you take from him at the sarbe time the calm and tranquil 
pleasures of a country life— the innocent enjoyments of the 
returning seasons — ^the cheerful health and happiness that 
wait upon labour in the free air and beneath the bright sun 
of heaven. And for what ?— only to imprison him in man- 
ufactories, to condemn him to the fretful and feverish life 
of crowded cities. 

To such ends, I trust, science is not destined to lead ; and 
he is not only unreasonably, but thoughtlessly sanguine, who 
would hope to derive from organic chemistry such power 
over dead matter as to be able to fashion it into food for 
living animals. With such consequences b^ore us it seems 
almost sinful to wish for it. 

Yet, that this branch of science wiU lead to great amelio- 
rations in the art of culture, there is every reason to believe* 
It will explain old methods-— it wiU clear up anomalies, re- 
concile contradictory results by explaining the principles 
from which they flow — and wiU suggest new methods by 
which better, speedier, or more certain harvests may be 
reaped. 

§ 2. ReUake proportions of organic dements. 
Though the substance of plants consists chiefly of the 
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four organic elements) yet these bodies enter into the con- 
stitution of vegetables in very different proportions. This 
fact has already been adverted to in a general manner : it 
will appear more distinctly by the following statement of 
the exact quantities of each element contained in 1000 
parts by weight of some of the more important kinds of 
vegetable substances you are in the habit of cultivating :— 
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The numbers in the above table represent the constitu- 
tion of the plants and seeds, taken in the state in which 
they are given to cattle or are laid up for preservation, and 
then dried at 230® Fahrenheit. By this drying they lost 
severally as follows : 



1000 parts of Potatoes, 
ditto of Wheat . 



• lost 



. 722 parts of water. 

. 166 ditto, 

ditto ofHay. ..... — .... 168 ditto. 

ditto of Aftermath Hay — 136 to 140 ditto. 

ditto of Oats — .... 151 ditto. 

ditto of Clover Seed. . — .... 112 ditto, 

ditto of Peas — . . . . 86 ditto. 

In crops as they are reaped, therefore, and even as they 
are given for food, much water is present. When artift> 
cially dried, the carbon approaches to one-half of thw 

* Boussingault Annales de Chim. et de Phys. (1838) lxtii. p. 20 to 38. 
t Ditto Ibid (1839) lxxi. p. 113 to 136. 

I Ditto Ibid (1838) lxix. p. 356. 
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weight — the oxygen to more than *one-third* — the hydro- 
gen to little more than 5 per cent, and the nitrogen rarely 
to more than 2^ per cent. These proportions are variable, 
but they represent very nearly the relative weights in which 
these elements enter into the constitution of those forms of 
vegetable matter which are raised in the greatest quantity 
for the support of animal hfe. 

But, besides the organic part, vegetable substances con- 
tain an inorganic portion, which remains behind in the 
form of ash when the plant is consumed by fire, or of dust 
when it decomposes and disappears in consequence of na- 
tural decay. 

In the dried hay, oats, &c., of which the composition is 
represented in the above table, we see that the quantity of 
ash is very variable, in oats being as small as 4 per cent., 
while of hay every hundred pounds left 10 of ash. A sim- 
ilar difference is observed generally to prevail throughout 
the vegetable kingdom. Each variety of plant, when 
burned, leaves a weight of ash, more or less peculiar to it- 
self. Herbaceous plants generally leave more than the 
wood of trees — and different parts of the same plant yield 
unlike quantities of inorganic matter.f These facts are of 
great importance in the theory and in the enlightened 
practice of agriculture. They will hereafter come under 
special and detailed consideration, when we shall have ex- 
amined the nature of the soils in which plants grow, and 
shall be prepared to consider the chemical nature, the 
source, and the functions, of the inorganic compounds 
which exist in living animal and vegetable substances. 

§ 3. Of the form or state of combination in which the organic 
elements enter into and minister to the growth of plants. 

From the details already presented in the preceding Lec- 

♦ This will appear no way inconsistent with the statement in the for- 
mer Lecture, that oxygen constitutes one>half by weight of all living 
plants, when it is recoUected that of the water dnven off in drying these 
plants eight-ninths by weight consist of oxygen, and that 60(Sbs. of 
grass, for example, jdeld only from 80 to lOOlbs. of hay. 

t Thus of the oak, the dried bark left 60 of ash — the dried leaves 53 
— ^the dried alburnum 4 — and the dried wood only 2 parts in a thousand 
of ash.— Z>c l$awsure. 
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ture, in regard to the properties of carbon and hydrogen, 
and the circumstances under which they are met with in 
nature, — ^it will readily occur to you that neither of these 
elementary bodies is tikely to enter directly, or in a simple 
state, into the circulation of plants. The former (carbon) 
being a solid substance, and insoluble in water, cannot ob- 
tain admission into the pores of the roots, the only parts of 
the plants with which, in nature, it can come in contact. 
The latter (hydrogen) does not occur either in the atmos- 
phere or in the soil in any appreciable quantity, and hence, 
in its simple state, forms no part of the food of plants. 
Oxygen and nitrogen, again, both exist in the atmosphere 
in the gaseous state, and the former is known to be inhaled, 
under certain conditions, by the leaves of plants. Nitro- 
gen may also in like manner be absorbed by the leaves of 
living plants, but, if so, it is in a quantity so. small as to 
have hitherto escaped detection. The two latter substances 
(oxygen and nitrogen) are also slightly soluble in water, 
and, besides being inhaled by the leaves, may occasionally 
be absorbed in minute quantity along with the water taken 
in by the roots. But by far the largest proportion of these 
two elementary bodies, and the whole of the carbon and hy- 
drogen which find their way into the interior of plants, 
have previously entered into a state of mutual combination 
— forming what are called distinct chemical compounds. 
Before describing the nature and constitution of these 
compounds, it will be proper to explain, 1°. the constitu- 
tion of the atmosphere in which plants live, and, 2°. the 
nature of chemical combination and the laws by which it 
is regulated. 



§ 4. On the constitution of the atmosphere. 

The air we breathe, and in which plants live, is composed 
principally of a mixture of oxygen and nitrogen gases, in 
the proportion very nearly of 21 of the former to 79 of the 
latter. It contains, however, as a constituent necessary to 
tho very existence of vegetable life, a small per centage of 
carbonic acid. On an average this carbonic acid amounts 



Digitized by VjOOQIC 



86 ITSBS OF THB AIS. 

to about 7^7th paxt* of the bulk of the air. On the shores 
of the sea, or of great lakes, this quantity diminishes; 
and it becomes sensibly less as we recede from the land. 
It is also less by day than by night (as 3*38 to 4*32), and 
over a moist than over a dry soil. 

The air is also imbued with moisture. Watery vapour 
is every where diffused through it, but the quantity varies 
with the season of the year, with the ctimate, with the na- 
ture of the locality, with its altitude, and with its distance 
from the equator. In temperate ctimates, it oscillates on 
the same spot between i and H per cent, of the weight of 
the air ; being least in mid- winter and greatest in the hot 
months of summer. There are also mingled with the at- 
mosphere, traces of the vast variety of substances which are 
capable of rising from the surface of the earth in the form 
of vapour : such, for example, as are given off by decaying 
animal or vegetable matter — which are the produce of dis- 
ease in either class of bodies — or which are evolved during 
the operations of nature in the inorganic kingdom, or by the 
artificial processes of man. Among these accidental va- 
pours are to be included those miasmata, which, in certain 
parts of the world, render whole districts unhealthy, — as 
well as certain compounds of ammonia, which are in- 
ferred to exist in the atmosphere, because they can be 
detected in rain water, or in snow which has newly fallen. 

In this constitution of the atmosphere we can discover 
many beautiful adaptations to the wants and structure of ani- 
mals and plants. The exciting effect of pure oxygen on 
the animal economy is diluted b}*^ the large admixture with 
nitrogen ; — the quantity of carbonic acid present is sufficient 
to supply food to the plant, while it is not so great as to 
prove injurious to the animal ; — and the watery vapour 
suffices to maintain the requisite moisture and flexibility of 
the parts of both orders of beings, without in general being . 
in such a proportion as to prove hurtful to either. 

The air also, by its subtlety, diffuses itself every where. 
Into every pore of the soil it makes its way. When there, 

♦ 0-04 per cent. The mean of 104 experiments made by Saussure at 
Ckneva at all times of the year and of the day gave 4*15 yolmnes in 
10000. The maximum was 5*74, anH the minimiim 3*15. 
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it 3rields its oxygen or its carbonic acid to the dead vege- 
table matter or to the living root. A shower of rain expels 
the half-corrupted air, to be succeeded by a purer portion 
as the water retires. The heat of the sun warms tne soil, 
and expands the imprisoned gases, — ^these partially escape, 
and are, as before, replaced by other air when the rays of 
the sun are withdrawn. 

By the action of these and other causes a constant circu- 
lation is, to a certain extent, kept up, — between the atmos- 
phere on the surface, which plays among the leaves and 
- stems of plants, and the air which mingles with the soil and 
ministers to the roots. The precise effect and the impor- 
tance of this provision will demand our consideration in a 
future lecture. 

§ 5. The nature and laws of chemical combination. 

The terms combine and combination in chemical language 
have a strict and precise application. If sand and saw-dust 
be rubbed together in a mortar they may be intimately in- 
termingled, but by pouring water on the mass we can sepa- 
rate the particles of wood and leave the sand unchanged 
behind. So if we stir oatmeal and water together, we may 
cause them perfectly to mix together, but by the aid of a 
gentle heat we can expel the water and obtain dry oatmeal 
in its original condition. Or, by putting salt into water, it 
will dissolve and disappear, and form what is called a solu- 
tion, but by boiling it down, as is done in our salt-pans, ike 
water may be entirely removed and the salt procured of the 
weight originaUy employed and possessed of its original 
properties. 

In none of these cases has any chemical action taken 
place, or any permanent change been produced, upon any 
of the substances. The two former were merely mixtures. 

In all cases of chemical action a permanent change takes 
place in some of the substances employed ; and this change is 
the result either of a chemical combination^ or of a chemical 
decomposition. 

Thus when sulphur is burned in the air, it is converted 
into white vapours possessed of a powerful and very un* 
4 
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pleasant odour, and wbtch continue to be given ofi* until the 
whole of the sulphur is dissipated. 

Here a solid substance is permanently changed into 
noxious vapours which disappear in th6 air, and this change 
is caused by the combination of the sulphur with the oxygen 
of the atmosphere. 

In like manner when limestone is ptit into a kiln and 
strongly heated or burned, it is changed or converted into 
quicklime — a substance very different in its properties from 
the natural limestone employed. But this is a case of 
chemical decomposition. The limestone consists of lime 
and carbonic acid. By the heat these are separated, the 
latter is driven off and the former remains in the kiln. 

Again, when a jet of hydrogen gas is kindled in the air 
or in oxygen gas, it burns with a pale yellow flame. If a 
cold vessel be held over this flame, it speedily becomes be- 
dewed with moisture, and drops of water collect upon it. 
How remarkable the change which hydrogen undergoes 
iiuring this combustion ! It unites with the oxygen of the 
atmosphere and forms water. How different in its proper- 
ties is this water from either the oxygen or the hydrogen by 
the union of which it is formed I The former a liquid, the 
latter gases; the former an enemy to all combustion, 
while of the latter, the one (hydrogen) burns readily, the 
other (oxygen) is the very life and support of combustion 
in all other bodies. 

1°. It appears, therefore, that chemical combination or 
decomposition is always attended by a permanent change. 

2°. That when combination takes place a new substance 
is formed differing in its properties from any of those from 
which it was produced, or of which it consists. 

When two or more elementary bodies thus unite together 
to form a new substance, this new substance is called a 
chemical compound. Thus water is a compound (not a 
mixture) of the two elementary bodies oxygen and hy- 
drogen. 

Now when such combination takes place, it is found to 
do 80 always in accordance with certain fixed laws. Thus : 

, I. Bodies unite together only in constant and definite prO' 
portions. We can mix together oxygen and hydrogen 
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gases, for example, in any proportion, a gallon of the one 
with any number of gallons of the other, but if we bum two 
gallons of hydrogen gas in any greater number of gallons 
of oxygen, they will only consume or unite with one gallon 
of the oxygen, the rest of this gas remaining unchanged. 
A quantity of water will be formed by this union, in which 
the whole of the hydrogen will be contained, combined 
with all the oxygen that has disappeared. Under no cir- 
cumstances can we burn hydrogen so as to cause it to con- 
sume more oxygen, or from a given weight of hydrogen to 
produce more than a known weight of water. And as 
oxygen is nearly sixteen times heavier than nitrogen, it is 
obvious that one gallon of the former is about eight times 
heavier than two gallons of the latter, so that by weight 
these two gases, when thus burned, unite together nearly 
in the proportion of 1 to 8, — one pound of hydrogen forming 
nine pounds of water. 

Again, when pure carbon is burned in the air, it unites 
with a fixed and constant weight of oxygen to form car- 
bonic acid ; it never unites with more, and it does not form 
carbonic acid when it unites with less. 

Now this law of fixed and definite proportions is found 
to hold in regard to all bodies, and in all cases of chemical 
combination. Thus we have seen that — 

By weight. By weight, 

1 of hydrogen combines with 8 of oxygen to fonn water. 

So 6 of carbon combine 8 carbonic oxide. 

and 14 of nitrogen 8 nitrous oxide. 

Hence I'of hydrogen, 6 of carbon, and 14 of nitrogen 
unite respectively with the weight (8) of oxygen. These 
several numbers, therefore, are said to be equivalent to each 
other (they are equivalent numbers). Or they represent 
the fixed and definite proportions in which these several 
substances combine together (they are definite proportionals). 
Some chemists consider these numbers to represent the 
relative weights of the atoms or smallest particles of which 
the several substances are made up, and hence not unfre* 
quently speak of them as the atomic weights of these sub- 
stances, or more shortly tJieir atoms. 

For the sake of brevity, it is often useful to represent thQ 
) 
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simple or elementary bodies shortly by the initial letter of 
their names. Thus hydrogen is represented by H, carbon 
by C, and nitrogen by N, and these letters are used to 
denote not only the substances themselves, but that quantity 
which is recognised as its equivalent^ proportiorudj or atomic 
fjoeigJU. Thus : 

EqidvaJent 
Symbol, or atomic Name, 

weights. 
H denotes 1 by weight, of hydrogen. 

C 6 . . .^ carbon. 

O 8 oxygen. 

N . . . . 14* nitrogen. 

Chemical combination is expressed shortly by placing 
these letters in juxta-position, or sometimes in brackets, 
with the sign plus (+) between them. Thus H O or 
(H + O) denotes the combination of one atom or equiva- 
lent of hydrogen with one of oxygen, that is water ; and 
at the same time a weight of water (9), equal to the sum of 
the atomic weights (1+8) of hydrogen and nitrogeti. 

A number prefixed or appended to a symbol, denotes that 
so many equivalents of the substance represented by the 
symbol are meant, as that number expresses. Thus 2 H O, 
3 H O, or 3 (H + O), mean two or three equivalents of wa- 
ter, 3 H or H' three equivalents of hydrogen, and 4 C <Mr 
C*, 2 N or N', four of carbon and two of nitrogen res- 
pectively. 

II. Not only are the quantities of the substances which 
unite together definite and constant, but the properties or 
qualities of the substances formed are in general equally so» 
The properties of pure water or of carbonic acid are con- 
stant and invariable under whatever circumstances they 
may be formed, and the elements of which they consist, 
when they combine together in the same proportions, are 
never known to form any other compounds but water and 
carbonic acid. 

This law, however, though generally, is not universally 
true. Many substances are known which contain the same 

♦ More correctly 1, 613, 8-013, and 1419. 
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elements united together in the same proportions, and 
which, nevertheless, possess very different properties* Oil 
of turpentine and oil of lemons are in this condition* They 
both consist of the same elements, carbon and hydrogen^ 
united tc^ether in the same proportions, and yet their sensi- 
ble properties as well as their chemical relations* are very 
dissimilar. , 

Cane sugar, starch, and gum, all of them abundant pro- 
ducts of the vegetable kingdom, consist also of the same 
elements, carbon, hydrogen, and oxygen, united toge- 
ther in the same proportions, and may even be represented 
by the same formula (C»^ H* • O^ •),t and yet these sub- 
stances are as unlike to each other in their properties, as 
many bodies are of which the chemical composition is very 
different. To compounds thus differing in their properties, 
and yet containing the same elements, in the same propor« 
tions, chemists have given the name of Isomeric bodies. I 
disdl have occasion to make you more familiar with some 
ef them hereafter. 

8°. Another important law by which chemical combina* 
tions are regulated, is known by the name of the law of 
multiple proportions. Some substances are observed to be 
capable of uniting together in more than one proportion* 
Thus carbon unites with oxygen in several proportions, 
forming carbonic oxide, carbonic acid, oxalic acid, ^c« 
Now when such is the case, it is found that the quantity 
(the weight) of each substance which enters into the several 
compounds, if not actually represented by the equivalent 
number or atomic weight, is represented by some sim{4e 
multifde of that number. Thus two equivalents of carbon 
unite with 2, 3, or 4 equivalents of oxygen, to form carbon- 
ic oxide, oxalic acid, and carbonic acid respectively^— • 
while one of nitrogen unites with 1, 2, 8, 4> or 6 of oxygen 
to form a series of compounds, of which the last (N C ) ni» 

*By the chemical relations of a substance are meant the eilbcts 
which are produced upon it by contact with other chemicAl substances. 

t This formula means that starch, gum, and suffar, consist of 19 
equivalents of carbon united to 10 of hydrogen and 10 of oxygen. 
4* 
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trie flicid, is the only one I shall have frequent occasion to 
speak of in the present lectures. 

Tlus law of multiple proportions, though of great impor- 
tance m chemical theory, I do not further illustrate, as we 
shall have very little occasion to refer to it in the discussioB 
of the several topics which will hereafter come before us. 



Having thus briefly explained the nature and laws of 
chemical combination, I proceed to make you acquainted 
with those chemical compounds of the organic elements 
which are. known or are supposed to minister to the growth 
of plapts. 

The number of compounds which. the four organic ele- 
ments form with each other is almost endless ; but of this 
number a very few only are known to minister directly to 
the growth or nourishment of plants. Of these, water^ 
carbonic acid* ammonia, and nitric acid^ are the most im* 
portant ; but it will be necessary shortly to advert to a few 
others, of the occurrence or production or action of which 
we may hereafter have occasion to speak. 

§ 6. Of toater and its relations to vegetMe life. 

Water is a compound of oxygen and hydrogen in the 

Eroportion, as already stated, of 6 of the former to 1 of the 
liter by weight, or of 1 volume of oxygen to 2 of 
hydrogen. 

It is more universally diffused throughout nature than 
any other chemical compound with which we are acquaint- 
ed, performs most important functions in reference to ani- 
mal and vegetable life, and is endowed with properties by 
which it is wonderfully adapted to the existing condition of 



i^e are familiar with this substance in three several states 
of ecAiesion, — in the soUd form as ice, in the fluid as water, 
and in the gaseous as steam. At 82^ F. and at lower iem- 
peraturesi it continues soHd, at higher temperatures it melts 
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and forms a liqtiid (water), which at 212® F. begins to boil 
and is converted into steam. By this change its bulk is 
increased 1700 times, and it becomes nearly two- fifths light- 
^ than common air.* It therefore readily rises into and 
diffiises itself through the atmosphere. 

I. There are only one or two circumstances in which 
water in the solid form materially affects or interferes with 
the labours of the agriculturist. 

1®. During the frost of a severe winter, the soil contracts 
and appears to shrink in. But the water contained in itf 
pores freezes and expands, and the minute crystals of ice 
thus formed separate the particles of the soil from each 
other. This expansion of the water in dry soils may not 
be equal to the natural contraction of the soil itself, yet still 
it is sufficient to cause a considerable separation of the 
earthy particles throughout the whole frozen mass. When 
a milder temperature returns, and a thaw commences, the 
soil expands and gradually returns to its former bulk ; but 
the outer layers thaw first, and the particles being previ- 
ously separated by the crystals of ice, and now loosened by 
the thaw, fall off or crumble down, and thus the s(m1 be- 
comes exposed to the mellowing action of the atmosphere, 
which is enabled everywhere to pervade it. On heavy clay 
land this effect of the winter's frost not unfrequently proves 
very beneficial.'!' 

2^. In the fcHrm of snow it has been often supposed to 
be beneficial to winter wheat and other crops. That a 
heavy fall of snow will shelter and protect the soil and crop 
from the destructive effects of any severe, cold which may 
follow, there can be no doubt. It forms a light porous 
covering, by which the escape of hwit from the soil is al- 

* Common air being 1, steam is 0^3. 

t This alternate contraction and expansion is oilen injurious to the 
practical farmer in tkromrig out his wmter wheat. Some varieties are 
said to be more thrown out them others, and this peculiarity is some- 
times ascribed to the longer and stronger roots which shoot finom one 
variety than from another; it may, however, be occasionally owing to 
the different nature of the soils in which the trials have been made, or 
when, in the same soU, to the different states of dryness at different 
times* 
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most entirely prevented. It defends the young shoots also 
from those alternations of temperature to which the period- 
ical return of the sun's rays continually exposes them ;* 
and when a thaw arrives, by slowly melting, it allows the 
tender herbage gradually to accustom itiself to the milder 
atmosphere. 

In this manner there is no doubt that a fall of snow may 
often be of great service to the practical farmer. But some 
believe that winter wheat suotually. thrives under snow. On 
this point I cannot speak from personal knowledge, but I 
will here mention two facts concerning . snOw, which may 
possibly be connected with its supposed nourishing quality* 

In the first place, snow generally contains a certain quan- 
tity of ammonia, or of animal matter which gives o^ am- 
monia during its decay. This quantity is variable, and is 
occasionally so small as to be very difficult of detection. 
Liebig found it in the snow of the neighbourhood of Gies- 
sen, and I have this winter detected traces of it in the snow 
which fell in Durhamf during two separate storms. This 
ammonia is present in greater q^anti1y in the first portions 
that fall and lie nearest the plant. Hence if the pknt can 
grow beneath the snow, this ammonia may affect its growth ; 
or when the first thaw comes it may descend to the r(;K)t9 
and may there be imbibed. Rain water also contains am- 
monia, but when rain falls in large quantity it runs off the 

^ * The effects of such alteraaticms are seen on the occurrence of a 
night's frost m spring. If the sun's rays fall in Uie early morning, on 
a frozen shoot, it droops, withers, and blackens — it is destroyed by the 
frost. If the plant be in a shaded spot, where the sun does not reach 
it till after the whole atmosphere has been gradually heated, and the 
froz^i tissue slowlv thawed, its leaves sustain Uttle injury, and the 
warmth of the sun's rays, instead of injuring, cherish and invigorate 
it. This effect of sudden alternations of temperature on organic mat- 
ter explains many phenomena, to which it would here be out of place to 
advert. 

A thick light covering of porous earth not beaten down preserves the 
potatoe pit from the effects of the frost better than a solid compact coat- 
ing of clay, in the same way as snow protects the herbage better than a 
sheet of ice ; and it^is because of the porosity of the covering, that ice 
may be preserved more effectually, ana for a longer period, in a aimilAr 
pit, than in many well constructed ice-houses. 

t By adding two drops of sulphuric acid to four pints of snow w^ter, 
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land, and may do leaa good than the snow, which Ue8 and 
melts gradually.* 

Another singular property of snow is the power it possess- 
es of absorbing oxygen and nitrogen from the atmosphere, 
in proportions very different from those in which they exist 
in the air. The atmosphere, as already stated, contains 21 
per cent, of oxygen by volume (or bulk), but the air which 
is present in the pores of snow has been found by various 
observers to contain a much smaller quantity. Boussin- 
gaultj- obtained from air disengaged by melting snow 17 
per cent, of oxygen only, and De Saussure found still less. 
The difficulty of respiration experienced on very high moun- 
tains has been attributed to the nature of the air liberated 
from snow when melted by the sun's rays. Whether the 
air retained among the pores of the snow, which in severe 
winters covers our corn-fields, be equally deficient in oxy- 
gen with that examined by Boussingault, and whether, if 
it be, the abundance of nitrogen can at all afiect vegeta- 
tion, are matters that still remain undetermined. 

n. In ^he fluid state, that of water, the agency of this 
compound in reference to vegetable life, though occasion- 
ally obscure, is yet everywhere discernible. 

Pure water is a colourless transparent fluid, destitute oC 
either taste or smell. It enters largely into the constitu- 
tion of all living animals and plants, and forms upwards of 
one half of the weight of all the newly gathered vegetable 
substances we are in the habit of cultivating or collecting 
for the use of man. j: 

Not only does it enter thus largely into the constitution 
of all animals and plants, but in the existing economy of 
nature its presence in large quantities is abs^utely neces- 
sary to the persistence of animal and vegetable life. In 
the midst of abundant springs and showers, plants shoot 

evaporating to dryness, and mixing the dry mass with quicklime or 
caustic potash. The residual mass contained a brown organic matter, 
mixed with the sulphate of ammonia. 

♦ For the properties of ammonia, see Lecture III. 

t Annalen der Phyaik (Poggendorf), zxg^iv. p, 211« 

1 See page 33, 
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forth with an amazing rapidity, while they wither, droop, 
and die, when water is withheld. How much the maiiifes- 
tation of life is dependent upon its presence, is beautifully 
illustrated by some of the humbler tribes of plants. Cer- 
tain mosses can be kept long in the herbarium, and yet will 
revive again when the dried specimens are immersed in 
water. At Manilla a species of Lycopodium grows upon 
the rocks, which, though kept for years in a dried state, re- 
vives and expands its foliage when placed in water.* Thus 
life lingers as it were, unwilUng to depart and rejoicing to 
display itself again, when the moisture returns, f 

There are, however, three special properties of water, 
which are in a high degree interesting and important to the 
practical agriculturist, and to which I beg to direct your 
particular attention. These are : 

1°. Its solvent power ; 

2°. Its affinity for certain soUd substances ; and, 

3°. The degree of affinity by which its own elements are 
held together. 

1°. When pure boiled water is exposed to the air, it gra- 
dually absorbs a quantity of the several gases of Which the 
atmosphere is composed, and acquires more or less of a 
sparkling appearance and an agreeable taste. The air 
t^hich it thus absorbs amounts to about Jg th of its own bulk, 
and is entirely expelled by boiling. When thus expelled, 
this air, like that obtained from snow, is found on examina- 
tion to contain the oxygen, nitrogen, and carbonic acid in 

* The Spaniards call it Triste de Corazon, Sorrow of the Heart.— 
BumeVs Wamderings^ p. 72. 

t In some species of animals, life is in like manner suspended by the 
absence of water. The inhabitants of some land and even marine shdls 
may be dried and preserved for a long time in a state of torpor, and af- 
terwards revived by immersion in water. The Cerithium Armatum has 
been brought from the Mauritius in a dry state, while snails are said to 
have, been revived after being dried for 15 years. The vibrio tritici (a 
species of worm), was restored by Mr. Bauer, afler an apparent death 
of nearly six years, by merely soalpn? it in water. The Fnrcularia, 
Anastobea, a small microscopic animal, may be made to undergo ap- 
parent death and resuscitation many times, by alternate drying and 
moistening. According to Spallanzani, animalculi have been recovered 
by moisture, after a torpor of 27 years. These facts tend to lessen our 
suiprise at the alleged longevity of the seeds of plants. 
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proportions very different from those in which they exist in 
the atmosphere. In the latter, oxygen is present to the 
amount of only 21 per cent, by volume, while the air ab- 
sorbed by water contains 30 to 32 per cent, of the same 
gas. In like manner, the mean quantity of carbonic acid 
in the air does not exceed rirf 77^^ parts (0'05 per cent.) 
of its bulk, while that expelled from water, which has been 
long exposed to the air, varies from 11 to 60 ten thousand 
parts (0*11 to 0'6* per cent.) 

Thus when water falls in rain or trickles along the sur- 
face of the land, it absorbs these gaseous substances, carries 
them with it wherever it goes, conveys them to the roots, 
and into the circulation of plants, and thus, as we shall 
hereafter see, makes them all minister to the growth and 
nourishment of living vegetables. 

Again, water possesses the power of dissolving many solid 
substances. If sugar or salt be mixed with water in certain 
quantities, they speedily disappear. In like manner, many 
other bodies, both simple and compound, are taken up by 
this liquid in greater or less quantity, and can only be re- 
covered by driving off the water, through the aid of heat. 

Thus it happens that the water of our springs and rivers 
is never pure, but holds in solution more or less of certain 
solid substances. Even rain water, washing and purifying 
the atmosphere as it descends, brings down portions of solid 
matter which had previously risen into the air in the form 
of vapour, and as it afterwards flows along or sinks into the 
surface of the soil, it meets with and dissolves other solid 
substances, the greater portion of which it carries with it 
wherever it enters. In this way solid substances are con- 
veyed to the roots of plants in a fluid form, whicli enables 
them to ascend with the sap ; aAd the supply of these natu- 
rally solid substances is constantly renewed, by the succes- 
sive passage of new portions of flowing water. We shall_ 
hereafter be able to see more clearly and to appreciate more 
justly this beautiful arrangement of nature, as well as to 

• Of tliese gases when uximixed, water al)8orbs very different quanti- 
ties. Thus lOOYolumes of water at 60* F., absorb 3*55 of orvgeti, 1*53 
of hydrogen, 1*47 of nitrogen, (fliwiry,) 106 of eaifoonic adOi oir 78W 
of ammonia. 
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understand how indispensable it is to the continued fertility 
of the soil. 

Nor is it merely earthy and saline substances which the 
water dissolves, as it thus percolates through the soil. It 
takes up also substances of organic origin, especially por- 
tions of decayed animal and vegetable matter, — such as are 
supposed to be capable of ministering to the growth of 
plants, — and brings them within reach of the roots. 

This solvent power of water over solid substances is in- 
creased by an elevation of temperature. Warm water, for 
example, will dissolve Epsom salts or oxaUc acid in much 
larger quantity than cold water will, and the same is true 
of nearly all solid substances which this fluid is capable of 
holding in solution. To this increased solvent power of the 
water they absorb, is ascribed, among other causes, the pe- 
culiar character of the vegetable productions, as well as their 
extraordinary luxuriance, in many tropical countries. 

2°. But the affinity which water exhibits for many solid 
substances is little less important and remarkable. 

When newly burned lime is thrown into a limited quan- 
tity of water the latter is absorbed, while the lime heats, 
cracks, swells, and finally falls to a white powder. When 
thus perfectly slaked, it is found to be one-third heavier 
than before— «very three tons having absorbed one ton of 
water. This water is retained in a soUd form, more solid 
than water is when in the state of ice, and it cannot be en- 
tirely separated from the lime without the application of a 
red heat. When you lay upon your land, therefore, four 
tons of slaked lime, you mix with your soil one ton of 
water, which the lime afterwards gradually gives up, either 
in whole or in part, as it combines with other substances. 
To this fact we shall return when we hereafter consider the 
yarious ways in which lime acts, when it is employed by 
the farmer for the purpose of improving his land.* 

For clay also, water has a considerable affinity, though by 
no means equal to that which it displays for quicklime. 
Hence, even in well drained clay lands, the hottest summer 

* See the subsequent lecture, *^ On the action ofUme when employed as 
a manure," 
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does not entirely rob the clay of its water. It cracks, con- 
tracts, and becomes hard, yet still retains water enough to 
keep its wheat crops green and flourishing, when the her- 
bage on lighter soils is drooping or burned up. 

A similar afinily for water is one source of the advanta* 
ges which are known to follow from the admixture of a 
certain amount of vegetable matter with the soil ; thouffh, 
as in the case of charcoal, its porosity* is probably more in- 
fluential in retaining moisture near the roots of the plant8.f 

3°. The degree of affinity by which the elements of wa- 
ter are held together, exercises a material influence on the 
growth and production of all vegetable substances. 

If I burn a jet of hydrogen gas in the air, VHxter is formed 
by the union of the hydrogen with the oxygen of the at- 
mosphere, for which it manifests on many occasions an ap- 
parently powerful affinity. But if into a vessel of water I 
put a piece of iron or zinc and then add sulphuric acid, the 
water is decomposed and the hydrogen set free, while the 
metal combines with the oxygen. 

So in the interior of plants and animals, water undergoes 
continual (decomposition and recomposition. In its fluid 
state, it finds its way and exists in every vessel and in every 
tissue. And so slight, it would appear, in such situations, 
is the hold which its elements have upon each other-— or so 
strong their tendency to combine with other substances, 
that they are ready to separate from each other at every im- 
pulse — ^yielding now oxygen to one, and now hydrogen to 
another, as the production of the several compounds which 
each organ is destined to elaborate respectively demands. 
Yet with the same readiness do they again re-attach them- 
selves and cling together, when new metamorphoses require 
it. It is in the form of water, indeed, that nature intro- 
duces the greater portion of the oxygen and hydrogen 

♦ Afimfy for water causes vegetable matter to combine chemicaUy 
with It, porosity causes it merely to drink in the water mechanicaUyi ana 
to retain it, wncktrnged^ in its pores. 

t For an exposition of the intimate relation of water to the chemical 
constitution ot the solid parts of living vegetables, see a subsequent Lec- 
ture, ^^ Onihe natwre and production of the substances of which pianii 
chiefly consiaj* 

5 
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which perforni so important a part in the numerous and di- 
versified changes which take place in the interior of plants . 
and animals. Few things are really more wonderful in 
chemical physiology, than the vast variety of transmuta- 
tions which are continually going on, through the agency 
of the elements of water. 

III. In the state of vapour water ministers most material- 
ly to the life and growth of plants. It not only rises into 
the air at 212° Fahr. when it begins to boil, but it disappears 
or evaporates from open vessels at almost every temperature, 
with a rapidity proportioned to the previous dryness of the 
air, and to the velocity and temperature of the atmospheric 
currents which pass over it. Even ice and snow are grad- 
ually dissipated in the coldest weather, and sometimes with 
a degree of velocity which at first sight seems truly sur- 
prising.* 

It thus happens that the atmosphere is constantly im- 
pregnated with watery vapour, which in this gaseous state 
accompanies the air wherever it penetrates, permeates the 
soil, pervades the leaves and pores of plants, and gains ad- 
mission to the lungs and general vascular system of animals. 
We cannot appreciate the influence which, in this highly 
comminuted form, water exercises over the general economy 
of organic nature. 

But it is chiefly when it assumes the form of rain and 
dew, and re-descends to the earth, that the benefits arising 
from a previous conversion of the water into vapour become 
distinctly appreciable. The quantity of vapour which the 
air is capable of liolding in suspension is dependent upon 
its temperature. At high temperatures, in warm climates, 
or in warm weather, it can sustain more — at low tempera- 

* Mr. Howard states that a circular patch of snow 5 inches in diame- 
ter lost in the month of January 150 grains of vapour between sunset 
and sunrise, and 56 grains more before the close of the day, when ex- 
posed to a smart breeze on k house-top. From an acre of snow this 
would be equal to 1000 gallons of water during the night only. — Proves 
Bridgewaier Treatise^ p. 302 ; EncfifdoptBd. Metropol. Art. Meteorology. 

In Von Wran^'s account of his visit to Siberia and the Polar sea, 
translated bv Ma^or Sabine (p. 390), it is stated that, in the intense 
cold, not only livmg bodies— rbut the very snow — smokes and fills the air 
with vapour. 
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tures less. Hence when a current of comparatively warm 
air loaded with moisture ascends to or comes in contact 
with a cold mountain top, it is cooled down, is rendered in- 
capable of holding the whole Of the vapour in suspension, 
and therefore leaves behind in the form of a mist or cloud, 
a portion of its watery burden. In rills subsequently, or 
springs, the aqueous particles which float in the midst, re- 
appear on the plains beneath, bringing nourishment* at 
once, and a grateful relief to the thirsty soil. 

So when two currents of air charged with moisture, but 
of unequal temperature, meet in the atmosphere, they 
mix, and the mixture has the mean temperature of the two 
currents. But air of this mean temperature is incapable of 
holding in suspension the mean quantity of watery vapour ; 
hence, as before, a cloud is formed, and the excess of mois- 
ture falls to the earth in the form of rain. In descending 
to refresh the earth, this rain discharges in its progress 
another office. It washes the air as it passes through it, 
dissolving and carrying those accidental vapours which, 
though unwholesome to man, are yet fitted to minister to 
the growth of plants. 

The dew, celebrated through all times and in every 
tongue for its sweet influence, presents the most beautiful 
and striking illustration of the agency of water in the eco- 
nomy of nature, and exhibits one of those wise and bounti- 
ful adaptations, by which the whole system of things, 
animate and inanimate, is fitted and bound together. 

All bodies on the surface of the earth radiate, or throw 
out rays of heat, in straight lines — every warmer body to 
every colder ; and the entire surface is itself continually 
sending rays upwards through the clear air into free space* 
Thus on the earth's surface all bodies strive, as it were, 
after an equal temperature (an equilibrium of heat), while 
the surface as a whole tends gradually towards a cooler 
state. . But while the sun shines this cooling will not take 
place, for the earth then receives in general more heat thap 
it gives off, and if the clear sky be shut out by a canopy of 
clouds, these will arrest and again throw back a portion of 

* For the nature of this Twurishment see the subsequent Lectures, 
" On the inorganic constituents of plants" 
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the heat, and prevent it from being so speedily disapated. 
At night, then, when the sun is absent, the earth will c6ol 
the most ; on clear nights also more than when it is oloudy, 
and when clouds only partially obscure the sky, those parts 
will become coolest which look towards the clearest portions 
of the heavens. 

Now when the surface cools, the air in ccmtact with it 
must cool also,; and like the warm currents on the moun- 
tain side, must forscike a portion of the watery vapour it has 
hitherto retained. This water, like the floating mist on the 
hills, descends in particles almost infinitely minute. These 
particles collect on every leaflet, and suspend themselves 
from every blade of grass, i^ drops of "pearly dew." 

And mark here a beautiful adaptation. Different substan- 
ces are endowed with the property of radiating their heat, 
and of thus becoming cool with different degrees of rapidity, 
and those substances which in the air become cool first, also 
attract first and most abundantly the particles of falling 
dew. Thus in the cool of a summer's evening the grass 
plot is wet, while the gravel walk is dry ; and the thirsty 
pasture and every green leaf are drinking in the descending 
moisture, while the naked land and the barren highway are 
still unconscious of its fall. 

How beautiful is the contrivance by which water is thus 
evaporated or distilled as it Were into the atmosphere— largely 
perhaps from some particular spots, — then difiused equably 
through the wide and restless air, — and afterwards pre- 
cipitated again in refreshing showers or in ^long-mysterious 
dews !* But how much more beautiful the contrivanccj I 
might almost say the instinctive tendency, by which the 

♦ The "beautv of this arrangement appears more striking when we 
consider that the whole of the watery vapour in the air, if it fell at once 
in the form of rain» would not amount to more than 5 inches in depth 
on the whole surface of the globe. In England the fall of rain varies 
from ^ inches (London, York, and Edinburgh) to 68 (Keswick), 
while in some few parts of the world (St. Dominffo) it amounts to as 
fnuch as 150 inches. The mean fall of rain over' me whole earth is es- 
timated at 32 or 33 inches ; but if we suppose it to be only 10 or 15 
inches, the water which thus falls will require to be two or tnree times 
re-distilled in the coursie of every year. This is exclusive of dew, 
which in many countries amounts to a very large quantity .—See Proves 
Bridgewater Treatise^ p, 309. 
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dew selects the objects on which it delights to fall ; de- 
scending first on every living plant, copiously ministering 
to the wants of each, and expending its superfluity only on 
the unproductive waste. 

And equally kind and bountiful, yet provident, is nature 
in all her operations, and through all her works. Neither 
skill nor materials are ever wasted ; and yet she ungrudg- 
ingly dispenses her favours, apparently without measure, — 
and has subjected dead matter to laws which compel it to 
minister, and yet with a most ready willingness, to the 
wants and comforts of every living thing. 

And how unceasingly does she press this her example 
not only of unbounded goodness, but of universal charity — 
above all other men— on the attention of the tiller of the 
soil. Does the com spring more freshly when scattered by 
a Protestant hand — are the harvests more abundant on a 
Catholic soil, — <and does not the sun shine alike, and the 
dew descend, on the domains of each political party ? 

So science, from her daily converse with nature, faila 
not sooner or later to take her hue and colour from the 
perception of this universal love and bounty. Party and 
sectarian differences dwindle away and disappear from the 
eyes of him who is daily occupied in the contemplation of 
the boundless munificence of the great Impartial ; he sees 
himself standing in one common relation to all his fellow- 
men, and feels himself to be most completely performing 
his part in life, when he is able in any way or in any 
measure to contribute to the general welfare of all. 

It is in this sense too that science, humbly tracing Ae 
footsteps of the Deity in all his works, and from them de- 
ducing his intelligence and his universal goodness — ^it is in 
this sense, that science is of no sect, and of no party, but 
is equally the province, and the property, and the friend of 

an. 

§ 7. Of the cold produced by the evaporation of water 9 and 
its influence on vegetation* 

Beautiful, however, and beneficent as are the provisions 
by which, in nature, watery vapour is made to serve so 
6* 
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many useful purposes, there are circnmstances in which, 
and often through the neglect of man, the presence of 
water becomes injurious to vegetation. 

The ascent of water, in the form of vapour, permits the 
soil to dry, and fits it for the labours of the husbandman ; 
while its descent in dew refreshes the plant, exhausted by 
the heat and excitement of a long summer's day. But 
the same tendency to ascend in yapour, gives rise to the 
cold unproductive character of lands in which water is pre- 
sent in great excess. This character you are familiar with 
in what are called ^old clay soils. 

The epithet cold^ applied to such soils, though derived 
probably from no theoretical views, yet expresses very truly 
their actual condition. The surface of the fields in local- 
ities where such lands exist, is in reality less warm, 
throughout the year, than that of fields of a different qual- 
ity, even in their immediate neighbourhood. This is readi- 
ly proved, by placing the bulb of a thermometer immediately 
beneath the soil in two such fields, when in the hottest day « 
marked difference of temperature will, in generaj, be per- 
ceptible. The difference is dependant upon the following 
fuinciple : — 

When an open pan of water is placed upon the fire, it 
continues to acquire heat till it reaches the temperature of 
212° F. It then begins to boil, but cecises to became hotter^ 
Steam, however^ passes off, and the water diminishes in 
quantity. But while the vessel remains upon the fire the 
water continues to receive heat from the burning fuel as it 
did before it began to boil. But since, as already stated, it 
becomes no hotter, the heat received from the fire must be 
carried off by the steam. 

Now this is universally true. Whenever tpoter is can* 
verted into steam^ the ascending vapaur carries aff much heal 
dUmg vnih it. 

This heat is net missed, or its loss perceived, when the 
vapour or steam is formed over a fire ; but let water evapo^ 
rate in the open air from a stone, a leaf, or a field, and it 
must take heat with it from these objects — and the surface 
of the stone, the leaf, or the field, must become ccMer. 
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That stone or leaf also must become coldest from which 
the largest quantity of vapour rises. 

Now, let two adjoining fields be wet or moist in difiereat 
degrees, that which is wettest will almost at all times give 
off the largest quantity of vapour, and will therefore be the 
coldest. Let spring arrive, and the genial sun will gently 
warm the earth on the surface of the one, while the water 
in the other will swallow up the heating rays, and cause 
them to re-ascend in the watery vapour. Let summer 
come, and while the soil of the one field rises at mid-day to 
perhaps 100° F. or upwards, that of the other may, in ordi- 
nary seasons, rarely reach 80° or 90° — in wet seasons may 
not even attain to this temperature, and only in long 
droughts will derive the full benefit of the solar rays. I 
shall hereafter more particularly advert to the important in- 
fluence which a high temperature in the soil exercises over 
the growth of plants, the functions of their several parts, 
and their power of ripening seeds — as well as to certain 
beautiful adaptations by which nature, when l.efl to herself, 
is continually imparting to the soil, especially in northern 
latitudes, those qualities which fit it for deriving the great- 
est possible benefit from the presence of the sun s rays. In 
the mean time you are willing to concede that warmth in 
the soil is favourable to the success of your agricultural 
pursuits. What, then, is thc^ cause of the coldness and 
poverty, the fickleness and uncertainty of produce, in land 
of the kind now alluded to ? It is the presence of too much 
water. What is the remedy ? A removal of the excess of 
water. And how ? By effectual drainage. 

There are other benefits to the land, which follow from 
this removal of the excess of water by draining, of which it 
would here be out of place to treat ; but a knowledge of the 
above principle shows you that the first effect upon the soil 
is the same as if you were to place it in a warmer cUmate, 
and under a milder sky — where it could bring to maturity 
other fruits, and yield more certain crops. 

The application of this merely rudimentary knowledge 
will enable you to remove from many improvable spots the 
stigma of being poor and cold ; an appellation hitherto ap* 
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plied to tiieHi, — ^not because fhey are by nature unproduct- 
ive, but because ignorance, or indolepce, or indifference, 
has hitherto prevented their natural capabilities from being 
either appreciated or made available. 



Note. — In reference to the supposed fertilizing effect of snow, advert- 
ed to in the above lecture, I may mention a fact observed by Heyer, 
and qu«ted by Liebig (p. 125), that willow branches immersed in snow 
ynXex put ficrth roots three or four times longer than when put into 
pure distilled water, and that the latter remain^ clear while the snow 
water became coloured. This shows that snow contains something 
jjot present in distilled water, which is capable of accelerating the 
g;rowth of plants. The ej^riment would have been more instructive 
in regard to natural operations, had the effect of the snow water been 
compared with that of an equal bulk of rson water, collected under 
similar circumstances. 
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LECTURE III. 



Carbonic and oxalic acids, their properties and relations to regetabte 
life^<])arbonic oxide and li^ht carburetted hydro^;en, their properties 
and production in nature — ^Ammonia, its properties and relations to 
vegetable life. 

§1. Carhmicacid,iU pri^ieM and rdal^ 

hfe. 

When charcoal is burned in the air it combines slowly 
with oxygen, and is transformed into carbonic acid gas. In 
oxygen gas it burns more rapidly and vividly, producing 
the same compound. 

This gas is colourless, like oxygen, hydrogen, and nitro- 
gen, but is readily distinguished from all these, by its acid 
taste and smell, by its solubility in water, by its great densi- 
ty, and by its reddening vegetable blues. Water at 60 F. 
and under the ordinary pressure of the atmosphere, dis- 
solves rather more than its own bulk of this gas (100 dis- 
solve 106), and, however the pressure may be increased, it 
still dissolves the same bulk. 

All gases diminish in bulk uniformly as the pressure to 
which they are subjected is increased. Thus under a pres- 
sure of two atmospheres they are reduced to one-half their 
bulk, of three atmospheres to one-third, and so on. When 
water, therefor^, is saturated with carbonic acid under great 
pressure, as in the manufacture of soda water, though it still 
dissolves only its own bulk, yet it retains a weight of the 
gas which is proportioned to the pressure applied. For the 
same reason also, when the pressure is removed, as in draw- 
ing the cork from a bottle t>f water so impregnated, the gas 
expands and escapes, causing a lively effervescence, and 
the water retains only its own bulk at the existing pressure. 
This solution in water has a slightly sour taste, and reddena 
vegetable blues* These properties it owes to the presence 
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of the gas, which is therefore what chemists call snadd^ 
body, and hence its name of carbonic cuntU 

This gas is one-half heavier than atmospheric air, its 
density being 1'524, and hence it may be poured through 
the air from one vessel to another. Hence also, when it is 
evolved from crevices in the earth, in caves, in wells, or in 
the soil, this gas diffuses itself through the atmosphere and 
ascends into the air, much more slowly than the elementary 
gases described in the previous lecture. Where it issues 
from the earth in large quantity, as in many volcanic dis- 
tricts, it flows along the surface like water, enters into and 
fills up cracks and hollows, and sometimes reaches to a 
considerable distance from its source, before it is lost among 
the still air. 

Burning bodies are extinguished in carbonic acid, and 
living beings, plunged into it, instantly c^ase to breathe. 
Mixed with one-ninth of its bulk of this gas the atmospheric 
air is rendered unfit for respiration. It is, however, the 
principal food of plants, being absorbed by their leaves and 
roots in large quantity. Hence the presence of carbonic 
acid in the atmosphere is necessary to the growth of plants, 
and they have been observed to thrive better when the 
quantity of this gas in the air is considerably augmented* 
Common air, as has been already stated, does not contain 
more on an average than ^jVtt^^ ^^ ^^ ^^^^ P^ carbonic 
acid, but De Saussure found that plants in the sunshine 
grew better wjien it was increased to j^th of the bulk of 
me air, but beyond this quantity they were injured by its 
presence, even when exposed to the sun. When the car- 
bonic acid amounted to one-half, the plants died in seven 
days ; when it reached two- thirds of the J)ulk of the air, they 
ceased to grow altogether. In the shade any increase of 
carbonic acid beyond that which naturally exists in the at- 
mosphere of our globe, was found to be injurious. 

These circumstances it is of importance to remember. 
Did the sun qHways shine on every part of the earth's sur- 
face, the quantity of carbonic acid in the atmosphere might 

• Acids have generally ^ sour taste, redden vegetable blues, or com- 
bine with hoses such as lime, soda, potash, dec, to form saUs, 
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probably have been increased with advantage to vegetation* 
But every such increase would have rendered the air less fit 
for the respiration of existing races of animals. Thus we 
see that not only the nature of living beings, both plants 
and animals, but also the periodical absence of the sun's 
rays, have been taken into account in the present arrange- 
ment of things. 

In perpetual sunshine plants would flourish more luxuri« 
antly in air containing more carbonic acid, but they woujd 
droop and die in the shade. This is one of those proofs of 
unity of design which occasionally force themselves upcm 
our attention in every department of nature, and compel us 
to recognise the regulating superintendence of one mind. 
The same hand which mingled the ingredients of the at« 
mosphere, also set the sun to rule the day ordy, — tempering 
the amount of carbonic acid to the time of his periodical 
presence, as well as to the nature of animal and vegetaUe 
life. 

Carbonic acid consists of one equivalent of carbon and 
two of oxygen, and is represented by C O*. It unites with 
bases (potash, soda, lime, dec), and forms compounds 
known by the name of carbonates. Thus pearkuh is an 
impure carbonate ofpotashy — the common soda of the shops^ 
carbonate of «o(ia,— and limestone or chalk, carbonate of 
lime. From these compounds it may be readily disengaged 
by pouring upon them diluted muriatic, or sulphuric acids. 
From limestone it is also readily expelled by heat, as in the 
common lime-kilns. During this process the limestone 
loses nearly 44 per cent.* of its weight, a loss which repre- 
sents the quantity of carbonic acid driven off.f 

Common carbonate of lime, in its various forms of chalk, 
hard limestone, or marble, is nearly insoluble in water, but it 
dissolves readily in water containing carbonic acid. Thus, 
if a current of this gas he passed through lime-water, the 
liquid speedily becomes milky from the formation and pre- 
cipitation of carbonate of Ume, but after a short time the 

• 43-7 when pure and dry. 

t Hence by burning limestone on the spot where it is quarried, 
ly one-half of the cost of transport is saved. 
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cloudiness disappears, and the whole of the lime is re-dis- 
solved. The application of heat to this clear solution ex- 
pels the excess of carbonic acid, and causes the carbonate 
of lime again to fall. 

By exposure to the air, we have already seen that water 
always absorbs a quantity of carbonic acid from the atmos- 
phere. As it afterwards trickles through the rocks or 
through soil containing lime, it gradually dissolves a por- 
tion of this earth, equivalent to the quantity of gas it holds 
in solution, and thus reaches the stnface impregnated with 
calcareous matter. Or it carries it in its progress below 
the surface to the roots of plants, where its earthy contents 
are made available, either directly or indirectly, to the pro- 
motion of vegetable growth. To the lime thus held in so- 
lution, spring and other waters generally owe their hard' 
nessy and it is the expulsion of the carbonic acid, by heat, 
that causes the deposition of the sediment so often observed 
when such waters are boiled. 

I propose hereafter to devote an entire lecture to the con- 
sideration of the action of lime upon land, as it is employed 
for agricultural purposed, but I may here remark, that this 
solvent action of the carbonic acid in rain water is one of 
the principal agents in removing the Hme from your scnls, 
and in rendering a fresh application necessary after a cer- 
tain lapse of time. It is the cause also of that deposit of 
calcareous matter at the mouths of drains, whi6h you not 
unfrequently see in localities where lime is laid abundantly 
upon the land. The greater the quantity of rain, therefore, 
which falls in a district, the less permanent will be the ef- 
fects of liming the land— the sooner will it be robbed of this 
important element of a fertile soil. Still carbonic acid is 
only one of several agents which act almost unceaisingly in 
thus removing the lime from the land, a fact I shall here- 
after have occasion more fuUy to explain. 

In nature, carbonic acid is produced under a great variety 
of circumstances. It is given off from the lungs of all ani- 
mals during respiration. It is formed during the progress 
of fermentation. Fermented liquors owe their sparkling^ 
tonalities to the presence of tins gas. During the decay of 
animal and vegetable substances in the air< in compost 
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heaps, or in the soil, it is evolved in great abuiidance. In 
certain volcanic countries it issues in large quantity from 
springs and from cracks and fissures in the surface of dM 
earth ; while the vast amount of carbon contained in the 
wood and coal daily consumed by burning, is carried up 
into the atmosphere, chiefly in the form of carbonic acid* 
We shall hereafter consider the relation which exists be> 
tween these several sources of supply and the prop<nrtion of 
carbonic acid permanently present in the air and so neces- 
sary to the support of vegetable life. 

§ 2. Oxalic acidj its properties and rdaXions to vegetMe life. 

Oxalic acid is another compound of carbon and oxygen, 
which, though not known to minister either to their growth 
or nourishment, is yet found largely in the interior of many 
varieties of plants. In an uncombined state it exists in the 
hairs of the chick pea. In combination with potash it b 
found in the wood sorrel (oxalis acetosella), in the coamum 
sorrel, and other varieties of rtimex, — in which it is the 
cause of the acidity of the leaves and i^ms, — in the roots 
of these plants also, in the leaves and roo^ of rhubarb^ 
and in the roots of tormentilla, bistort, g^itian, saponaria, 
and many others. It is this combination with potash, form- 
erly extracted from wood sorrel, which is known in com. 
merce by the name of salt of sorrel. In combination with 
lime it .forms the principal solid parts of many lichens, 
especially of the parmeluB and varidari^* some of which 
contain as much oxalate of lime as is equivalent to 15 or 
20" parts of pure acid in 100 of the dried plant. 

The crystallized oxalic acid of the shops forms transpa- 
rent colourless crystals, of an intensely sour taste* These 
crystals dissolve readily in twice their weight of cold wateci 

* The parmdia crudata and variolaria commwMs are mentioned as 
peculiarly rich in this acid, which used to be extracted from them for 
sale. A species of parmelia, collected after the droughts on the sands 
of Persia cmd Georgia, contains 66 per cent of oxalate of lime, with 
about 23 per cent, of a e;elatinous substance similar to that obtained 
from Iceland moss. This lichen is used for food by the Kirghuis. 
A similar lichen is collected about Bagdad for a similar purpose. 
6 
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and the solution, when sufficiently dilute, is agreeably acid 
to the taste. This acid is exceedingly poisonous. Half an 
ounce of the crystals is sufficient to destroy life in a very 
short time, and a quarter of an ounce after the lapse of a 
few days. It consists solely of carbon and oxygen in the 
proportion of two equivalents of the former to three of the 
latter. Its symbol is C^ 0=^. Jt combines with bases, and 
forms salts which are known by the name of oxalatesj and 
it is characterised by the readiness with which it combines 
with lime to form oxalate of lime. If a solution of the acid 
be poured into Ume water, the mixture immediately be- 
comes milky from the formation of this compound, which 
is insoluble in water.* It is this oxalate of lime which 
exists in the lichens, while oxalate of potash exists in the 
sorrels. 

Oxalic acid is one of those compounds of organic origin 
which we cannot form, as we can form carbonic acid by 
the direct union of its elements. In all our processes 'for 
preparing it artificially, we are obliged to have recourse to 
a substance previously organized in the Uving plant. It 
may be prepared from sugar, starch, or even from wood, by 
, various chemical processes. The usual method is to digest 
potatoe starch with five times its weight of strong nitric acid 
(aquafortis), diluted with ten of water, till red fumes cease 
to be given off, and then to evi^rate the solution. The 
oxalic acid separates in crystals, or, as it is usually ex- 
pressed, crystaUv^ in the solution thus concentrated by 
evaporation. 

It is not known to exist in the soil or in the waters which 

♦ Substances that are insoluble are generally without action on the 
animal economy^ and may be introduce into tne stomach without pro- 
ducing any injurious effect. Hence this oxalate of lime, though it con- 
tains oxahc acid, is not poisonous. Hence also, if oxalic acid be present 
in the stomach, its poisonous action ma^ be taken away by causing 
lime water or milk of lime to be swallowed in sufficient quantity. The 
aeid combines with the lime, as in the ejmeriment described in the text, 
and forms insoluble oxalate of lime. I'he common magnesia of the 
•hops will serve the sane purpose, forming an insoluble oxtdaU ofmag- 
. nesm. It is by performing experiments under circumstances where the 
lesults are viable — as in glass vessels — that we are enabled to predict 
the results in circumstances where the phenomena are not visible, and 
to act with as much confidence as if we could really see them. 
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reach the roots of plants. Where it is found in living vege* 
tables, therefore, it must, like the other substances they 
contain, have been formed or elaborated in the interior cf 
the plant itself. By what very simple changes the produc- 
tion of this acid is or may be effected, we shall see in a 
subsequent lecture. 

§ 3. Carbonic oxide, its constitution and properties. 

When carbonic acid (CO') is made to pass through a 
tube containing red-hot charcoal, it undergoes a remarkable 
change. Its gaseous form remains unaltered, but it com* 
bines with a second equivalent of carbon (becoming C«0*), 
which it carries off in the aeriform state. The new gas 
thus produced is known by the name of carbonic oxide. It 
consists of one equivalent of carbon united to one of oxy- 
gen, and is represented by CO*, or simply CO. 

This gas is colourless, without taste or smell, lighter than 
common air, nearly insoluble in water, extinguishes flame, 
does not support life ; burns in the air or in oxygen gas 
with a blue flame, and during this combustion is converted 
into carbonic acid. It is produced along with carbonic aoi4 
during the imperfect combustion of coals in our fires and 
furnaces, but is not known to occur in nature, or to minicu 
ter directly to the growth of plants. 



There exists a general relation among the three com* 
pounds of carbon and oxygen above described, to which it 
may be interesting to advert, in connection with the subject 
of vegetable physiology. This relation appears when we 
compare together their chemical constitution, as represent- 
ed by their chemical formulae : — 

Carbonic acid consists of one of carbon and two of oxy- 
gen, or CO* ; 

Carbonic oxide, of one of carbon arid' one of oxygen, 
or CO ; 

So that if carbcNoic acid be present in a plant, and be 
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there def>rived of one equivalent of its oxygen, by any vital 
action, it will be converted into carbonic oxide. 

Oxalic acid consists of two of carbon and three of oxy- 
gen, or C«0=*. 
If we add together the formnlde for 

Carbonic acid = CO^ and 
Carbonic oxide = CO, we have 

Oxalic acid = C^O^. 

Hence this acid may be formed in the interior of plants, 
either by the direct union of carbonic oxide and carbonic 
acid, or by depriving two of carbonic acid (2 CO* or 
C*0*) of one equivalent of oxygen. 

When in a subsequent lecture we have studied the struc- 
ture and functions of the leaves of plants, we shall see how 
very easy it is to understand the process by which oxalic 
acid is formed and deposited in the interim of plants, and 
by which carbonic oxide also may 5e, und probably is, 
produced. 

§ 4. LigJu carhuretted hydrogen — the gas of marshes and 
of coal mines* 

During the decay of vegetable matter in mt>ist places, or 
under water, a light inflammable gas is not unfrequently 

Even off, which differs in its properties from any of those 
therto described. In summer it may often be seen rising 
ap in bubbles from the bottom of stagnant pools and from 
marshy places, and may readily be collected. 

This gas is colourless, without taste or smell, and is little 
more than half the weight of common air.* A lighted ta- 
per, plunged into it, is immediately extinguished, while the 
gas takes fire and burns with a paje yellow flame, yielding 
more light, however, than pure hydrogen gas, which it 
otherwise resembles. Animals introduced into it, instantly 
cease to breathe. 

It consists of one equivalent of carbon (C) united to two 
of hydrogen (2H or H*), and is represented by CH*. 

* Its tpeci^c gravity, by experiment, in 0*5576, 
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When burned in the air or in oxygen gas, the carbon it 
contains is converted into carbonic acid (CO'), and the 
hydrogen into water (HO). 

Like oxaUc Acid this gas cannot, by any known process, 
be produced from the £rect union of the carbon and by- 
drogen of which it consists. It is readily obtained, how- 
ever, by heating acetate* of potash in a retort, with an 
equivalent proportion of caustic baryta. 

In nature it is largely evolved in coal mines, and is the 
principal combustible ingredient in those explosive atmos- 
pheres which so frequently cause disastrous accidents in 
our mining districts. 

This gas is also given off along with carbonic acid during 
the fermentation of compost heaps, or of other large col- 
lections of vegetable matter. It is said also to be generally 
present in well manured soils,f and is supposed by many to 
contribute in such cases to the nourishment of plants. It 
is, however, very sparingly soluble in water, so that in a 
state of solution, it cannot enter largely into the pores of 
the roots, even though it be abundantly present in the soil. 
How far it can with propriety be regarded as a general 
source of food to plants, will be considered in the following 
lecture. 

§ 5. Ammonia^ its properties and relations to vegetable life. 

Ammonia is a compound of hydrogen and nitrogen. It 
is possessed of many interesting properties, and is supposed 
to perform a very important part in the process of vegeta- 
tion. It will be proper, therefore, to illustrate its nature 
and properties with considerable attention. 

Ammonia, like the nitrogen and hydrogen of which it is 
composed, is a colourless gas, but, unlike its elements, is 
easily distinguished from all other gaseous substances by its 
srneU and taste. 

It possesses a powerful penetrating odour (familiar to 

* Acetate of potash is prepared bv pouring vinegar (acetic acid) on 
common pearlash and evaporating the solution, 
t Persoz, Chimie MoUcuUUref p. 547. 
6* 
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ou in the smell of hartshorn and of common smelling salts), 
a burning acrid alkaline'*' taste, extinguishes a lighted 
taper as hydrogen and nitrogen do, but does not itself take 
fire like the former. It instantly suffocates animals, kills 
living vegetables, and gradually destroys the texture of 
their parts. 

It is absorbed in large quantities by porous substances, 
such as charcoal — ^which, as already stated, absorbs 95 
times its own bulk of ammoniacal gas. Porous vegetable 
substances in a decaying state likewise absorb it. Porous 
soils also, burned bricl^, burned clay, and even common 
clay and iron ochre, which are mixed together on the sur- 
face of most of our fertile lands— all these are capable of 
absorbing or drinking in, and retaining within their pores, 
this gaseous substance, when it happens to be brought into 
contact with them. 

But the quantity absorbed by water is much greater and 
more surprising. If the mouth of a bottle fill^ with this 
gas be immersed in water, the latter will rush up and fill 
the bottle almost instantaneously ; and if a sufficient supply 
of ammonia be present, a given quantity of water will take 
up as much as 670 times its bulk of the gas. 

This solution of ammonia in water is the spirit of harts* 
horn of the shops. When saturatedf it is lighter:^ than pure 
water, has the pungent penetrating odour of the gas, and its 
hot, burning, alksdine taste — ^is capable of blistering the 
skin, and decomposing or destroying the texture of animal 
and vegetable substances. 

You will remark here the efiect which combination has 
in investing substances with new characters. The two 
gases hydrogen and nitrogen, themselves without taste or 
smell, and absorbed by water in minute quantity only,^ form 
by their union a compound body remarkable both for taste 
and smell, and for the rapidity with which water absorbs it. 

• The term alkaline^ as applied to taste, will be best understood by 



« 1 ne lerm auamm, as appuea to taste, will be best unaerstood by 
describing it as a taste similar to that of the common soda and peail- 
ash of the shops. 

t That isj ^en gas is supplied till the water reftuBes to take up any 
more. 



) Its specific gravity is 0*875, water bdng 1. 
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Ammonia possesses also alkaline properties,* it restores 
the blue colour of vegetable substances that have been red- 
dened by an acid, and it combines with acid substances to 
form salts. 

Among gaseous substances, therefore, there are some 
which, like carbonic acid, have a sour taste and redden ve« 
getable blues ; others which, like ammonia, have an alkaline 
taste and restore the blue colour; and a third class which, 
like oxygen, hydrogen, and nitrogen, are destitute of taste 
and do not affect vegetable colours. These last are called 
neutral or indifferent substances. 

Ammonia, as above stated, combines with acids and forms 
salts, which at the ordinary temperature of the atmosphere 
are all solid substances. Hence if carbonic acid gas be 
mixed with ammoniacal gas, a white cloud is formed con- 
sisting of minute particles of soUd carbonate of ammonia'^ 
the smelUng salts of the shops. Hence also a feather 
dipped into vinegar or dilute muriatic acid (spirit of salt), 
and then introduced into ammoniacal gas, forms a similiar 
white cloud, and becomes covered with a white down of 
soUd acetate or of muriate of ammonia (sal ammoniac). 
The same appearance is readily seen by holding the feather 
to the mouth of a bottle containing hartshorn (liquid am- 
monia), from which ammoniacal gas c<mtinually escapes, 
and by its hghtness rises into the air, and thus ccmies in 
contact with the acid upon the feather. 

The fact of the production of a soUd body by the union 
of two gases (ammonia and carbonic or muriatic acid gases) 
is one of a very interesting nature to the young chemist, 
and presents a further illustration of the changes resulting 
from chemical combination as explained in the previous 
lecture. 

Ammonia is little more than half the weight of comm<« 

* In the previous lecture, the term, acid was explained as applying to 
substances possessed of a sour taste, and capable of reddening vegetable 
blues or combining with bases (potash, soaa, magnesia, &c.) to form 
salts ; alkalies are such as possess an alkaline taste (see previous Note), 
restore the blue colour to reddened vegetable substances, or combine 
with adds to form salts. Of salts, nitrate of soda, saltpetre (nitnUe of 
pota«h), and ^aidier Baits (sulphate of soda), are examples. 
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air,* hence when liberated on the earth's surface it readily 
rises into and mingles with the atmosphere. It consists of 
hydrogen and nitrogen united together in the proportion of 
three equivalentsf of hydrogen (3H or H^) and one of nitro- 
gen (N), and hence it is represented by the symbol (N + 
3 H), or more shortly by NH^. 100 parts by weight con- 
tain 82^ of nitrogen and 17 J of hydrogen4 

In nature, ammonia exists in considerable quantity. It 
is widely, almost universally, diffused, but is not known to 
form large deposits on any part of the earth's surface, or 
to enter as a constituent into any of the great mineral 
masses of which the crust of the globe is composed. It 
exists most abundantly in a state of combination — ^in the 
forms, for example, of muriate (sal ammoniac), of nitrate, 
and of carbonate of ammonia. It frequently escapes into 
the atmosphere in an uncombined state, especially where 
animal matters are undergoing decay, but it rarely exists in 
this free state for any length of time. It speedily unites 
with the carbonic acid of the air, with one or other of the 
numerous acid vapours which are continually rising from 
the earth, or with the nitric acid which is formed at the 
expense of the nitrogen and oxygen of which the atmos- 
phere consists. 

The influence of ammonia on vegetation appears to be of 
a very powerful kind. It seems not only to promote the 
rapidity and luxuriance of vegetation, but to exercise a 
powerful control over the functions of vegetable life. In 
reference to the nature and extent of this action^ into which 
we shall hereafter have occasion to inquire, there are seve- 
ral special properties of ammonia which it will be of impor- 
tance for us previously to understand. 

1°. It has a powerful aflinity^ for acid substances. 
Hence the readiness with which it unites with acid vapours 
when it rises into the atmosphere. Hence also when 

♦ More nearly three-fifths, its specific gravity being 0*59, that of air 
being 1. 
t See second Lec\ure. 
i Correctly 82*545 knd 17*455 respectively. 
f By qfinity is meant the tendency which bodies have to unite and to 
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formed or liberated in the soil, in the fold-yard, in the 
stable, or in compost heaps, it unites with such acid sub- 
stances as may be present in the soil, 6ic., and forms saline 
compounds or scUis. All these salts appear to be more or 
less influential in the processes of vegetable Ufe. 

2°. Yet this affinity is much less strong than that which 
is exhibited for the same acids by potash, soda, lime, or 
magnesia. Hence if any of these substances be mixed or 
brought into contact with a salt of ammonia, the acid of 
the latter is taken up by the potash or Ume, while the am- 
monia is separated in a gaseous state. Thus when sal am- 
moniac in powder is mixed with twice its weight of quick- 
hme, ammoniacal gas is hberated in large quantity. This 
is the method by which pure ammonia is generally pre- 
pared ; and one of the many functicMis performed by lime 
when employed for the improvement o[ land, especially on 
soils rich in animal and vegetaUe matter, is that <^ decom- 
posing the salts, especially the organic salts, of ammonia,—- 
as will be more fully explained when we come to treat at 
length of this imp(»*tant part of agricultural practice.* 

S°. The salts which ammonia forms with the acids are 
all, hke ammonia itself, very soluble in water. Hence two 
consequeaoee f^low. First, that whioh rises into the air in 
the form of gas, and there combines with the carbonic or 
other acids, is readily dissolved, washed out and brought to 
the earth again by the rains and dews ; so that at the same 
time the air is purified for the use of animals, and the am« 
monia brought down for the use of plants. And second, 
whatever salts of ammonia are contained in the soil, being 
dissolved by the rain, are in a condition to be taken up, 

remain united or combined. Thus ammonia fbrms a solid substance 
with theyapour of vinegar the moment the two substances come into 
contact ; they have, therefore, a strong tendency to unite, or an affi/i^ 
for each other. 

^ * See Lecture ^^ Ontkeuse oflimeP Owing; to this property the ac- 
tion of lime upon compost heaps is often injunous, by causing the eyo- 
lution of the ammonia produced during the decomposition of the aninud 
matters they contain. This escape of ammonia, even when impercep- 
tible by the sense of smell, is easily detected by holding over the heap 
a feather dipped in vinegar or in spirit of salt (muriauc acid), when 
white fumes are immediatdy perceived if ammonia be present 
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when wholesome, hy the roots' of plants ; or to be carried 
off by the drains when injurious to vegetation. 

4°. I have already cdluded to the fact of this gas being 
absorbed by porous substances, and to its presence, in con- 
sequence, in porous soils, and in burned bricks aiid clay. 
With the purer kinds of unburned clay, however, and with 
the oxide of iron contained in red (or ferruginous)* soils, 
ammonia is supposed to form a chemical compound of a 
weak nature. In consequence of its affinity or feeble ten- 
dency to combine with these substances, they attract it 
from the air, and from decaying animal or vegetable mat- 
ters, and retain it more strongly than many porous sub- 
stances can, — ^yet with a sufficiently feeble hold to yield it 
up, readily as is supposed, to the roots of plants, when then: 
extremites are pushed forth in search of food. In this case 
the carbonic, acetic and other acids given off, or supposed 
to be given off by the roots, exercise an influence to which 
more particular allusion will be made hereafter. 

6°. In the state of carbonate it decomposes gjpsum,t 
forming carbonate of lime (chalk) and sulphate of ammo^ 
nia.*)* The action of gypsum on ^rass lands, so undoubted- 
ly beneficial in many parts of the world, has been ascribed 
to this single pr(^>erty ; it being supposed that the sulphate 
of ammonia formed, is peculiarly favourable to vegetation. 
This question will come properly under review hereafter. 
I may here, however, remark that if this be the sole reason 
for the' efficiency of gypsum, its application ought to be ben- 
eib^ial on all lands not already abounding either in gypsum 
or in sulphate of ammonia.:^ But if the results of experi- 
mental farming in this country are to be trusted, this is by 
no means the case. The action neither of this, nor proba- 
bly of any other inorganic substance applied to the soil, is 

* Soils reddened by the presence of oxide of iron. 

t Gvpsum is SfidphcUe of lime — consisting of sulphuric acid (oil of 
vitriol) and quicklime. Carbonate of ammonia consists of caibonic 
acid and ammonia. When the two substances act upon each other in 
a moist state — the two acids change places — ^the sulphuric acid aa it 
were preferring the ammonia, the carbonic acid the lime. 

' X Liebig says — " the striking fertility of a meadow 6n which eyp- 
sum is strewed depends ov^ on its fixing ip the soil the ammoma of toe 
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to be explained by a reference in every caae to one and the 
same property only. 

7^. The presence or evolution of ammonia in a soil con- 
taining animal and vegetable matter in a deca3rinff state, 
induces or disposes this matter to attract oxygen^om the 

atmosphere, which would otherwise be volatilized with the water which 
evaporates."* — Organic Chemistry apj^ied to A^cuUttre^ p. 86. 

When we come to consider the subject of nuneral manures in gene- 
ral, we shall study more in detail the specific action of g3rpsum in pro- 
moting vegetation — a very simple calculation, however, will serve to 
shew that the above theory of Liebig is far from affording a satisfactory 
explanation of all the phenomena. 

Supposing the gypsum to meet with a sufficient supply of ammonia 
in the soil, and that it exercises ^ts full influence, 100 ids. of common 
undumed gypsum will fix or form sulphate with nearly 20 lbs. of ammo- 
nia containing 16^ lbs. of nitrofi;en. One hundred weieht, therefore, 
(112 lbs.) will form as much sulphate as will contain 22^ lbs. of ammo- 
nia, and if introduced without loss into the interior of plants will fUi^ 
nish them with 18^ lbs. of nitro^n. 

1^. In the first volmne of British Husbandry, pp. c22, 323, the fol- 
lowing experiment is recorded : 

Mr. Smith, of Tunstal, near Sittingboume, top-dressed one portion 
of a field of red clover with powdered g3rpsum at the rate of five bushels 
(or four hundred weightt) per acre, and compared the produce with 
.another portion of the same field, to which no manure had been applied. 
The first crop was cut for liay, and the second ripened for seed. The 
following were the comparative results per acre : 

HAY CROP. 

cwt 

Gypsumed 60 

Unmanured .... 20 

Excess of produce .40 3 1 17 3 12 

The excess of produce in all the three crops upon the g3rpsamedland 

is very large : let us calculate how much nitrogen this excess w^uld 

contain. In a previous lecture (II. p. 33) it was stated as the result of 

Boussingault's analyses, that dry clover seed contained 7 per cent of 

[* By fixing is meant the forming of stUphate with the ammonia. 
Rain water is supposed to bring down with it carlpnate of ammonia 
(common smelling salts), which acts upon the sulphate o/Hme (g3rpsum) 
in such a way that sulphate of ammonia and carbonate of lime are pro- 
duced. The carbonate of ammonia readily volatilizes or rises again 
into the air, the sulphate does not — hence the use of the word fix.] 

[t A ton of pure gypsum, when crushed, will yield 25 bushels. It 
should, however, always be applied by weight.] 



SEED. 


STRAW. 


qrs. lbs. 


cwt. qrs. lbs. 


3 21 


22 3 12 


20 
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air more rapidly and abundantly. The result of thi^ is, that 
organic acid compounds are formed, which combine with 

nitrogen, and the same experimenter found in the hay of red doner \\ 
per cenu* Tor 70 and 15 lbs. respecdYely in 1000.) 

The seea as it was weighed by Mr. iimith would still contain one- 
ninth of Its weight of water,t and, consequently, only 6 l-3rd per cent 
of nitrogen. Let it be taken at 6 per cent, and let the straw be sup- 
posed to contain only 1 i>er cent, of nitrogen, the quantity of this ele- 
ment being found to diminish in the grasses after the seed has ripened, 
and ayeraging 1 per cent in the straw of wheat, oats, and barley, the 
weight of nitrogen reaped in the whole crop will then be as follows : 

1. 40 cwt of hay (4480 lbs.) at 1} per cent of nitrogen, contain 67 lbs. 

2. 85 lbs. of se^ at 6 per cent contain 5 lbs. 

3. 17 cwt 3 qrs. 12 lbs. or 2000 lbs. of straw at 1 per cent, contain 20 lbs. 

Total nitrogen in the excess of crop, 92 lbs. 

But, as above shewn, the five buidiels or four cwt. of gypsum could 
fix onf^ 90 lbs of ammonia containing 74 lbs. of nitrogen, leavings there- 
fore. iS lbs. or one-fifth of the whole, io he derived fiom some o^her source. 

Now this result supposes that none of the eypsum or sulphate of am- 
monia was carried away by the rains, but that the whole remained in 
the soil, and produced ite greatest possible effect on the clover — afnd aU 
inone season. 

But the effect of the gypsum does not disappear with the crop to 
which it is actually applied. Ite beneficial action is extended to the 
succeeding crop olT wheat, and on grass lanidsUie amelioration is visible 
for a succession of years. If, then, the increased produce of a single 
year may contain more nitrogen than the sypsum can be supposed to 
)rield, this substance must exercise some other influence over vegetation 
than is involved in its supposed action on the indefinite quantity of am- 
monia in the atmosphere. 

29. Again, Mr. Barnard, of Little Bordean, Hants, applie^ 2} cwt 
|MC acre on two-year *old sain foin, on a clayey soil. The increased 
produce of the first cutting was a ton per acre, and in ^October fully a ton. 
the undressed part gelding scarcely any hay at all, while the dressed 
part gave 1^ tons. The second year no gypsum was applied, and the 
difference is said to have been at least as ffresX. 

Supposing the increased produce in all to have been 4 tons of hay, 
and tne nitrogen it contained to have been only one percent. — the 4 tons 
f 8960 lbs.) would contain about 90 lbs. of nitrogen. But 2^ cwt would 
fix only 46 lbs. of nitrogen in the form of ammonia; and therefore, sup- 
posing it to have produced its maximum effect, there remain 44tibs.or 
nearly on? half of the whol^^ vnaa oinU- for Ly the theo?y. 

I would not be understood to place absolute reliance on the resulte of 
the above experimente ; but the way in which such resulte may be easily 

[» Ann. de Chim. et de Phys. Ixiii. p. 225.] 
[t See Lecture II. p. 33.] 
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the ammonia, and form ammoniacal salts.* On the decom^ 
position of these salts by lime or otherwise — ^the organic 
acids which are separated from them, are always more ad- 
vanced towards that state in which they again become fit 
to act as food for plants. 

8°. Bat the most interesting, and perhaps the most im- 
portant property of ammonia, is one which I have already 
had occasion to bring under your notice, as possessed by 
water also, and as peculiarly fitting that fluid for the varied 
functions it performs in reference to vegetable life. This 
property is the ease with which it undergoes decomposition, 
either in the air, in the soil, or in the interior of plants. 

In the air it is diffused through, and intimately mixed 
with, a large excess of oxygen gas. In the soil, especially 
near the surface, it is also continually in contact with oxy- 
gen. By the influence of electricity in the air, and of lime 
and other bases in the soil, it undergoes a constant though 
gradual decomposition (oxidation), its hydrogen being chief- 
ly converted into water, and a portion of its nitrogen into 
nitric acid.f 

In the interior of plants this and other numerous and 
varied decompositions in all probability take place. 

Implied for the purpose of testing theoretical views, will, I hope, con- 
vince the intelligent practical agriculturist how important it is, that the 
results of some of the experiments he is every year making should be 
accurately determined by weiglU and measure. By this means data 
would gradually be accumulated, on which we might hope to fognd 
more unexceptionable explanations of the phenomena of^ ve gftt ^na, 
than the results obtained in our laboratories have hitherto enabled us to 
advance. 

In a subsequent note it will be shewn that die mode in which the 
nitrates of soda and potash act — in other words, the theory of their ac- 
tion upon vegetation— may be tested by a similar simple calculation, 
and the importance of precise experiments made on the farm will then 
still further appear. It is in the hope of inducing some of my readers 
to make comparative trials and publish aocurati results, that I have 
introduced into the Appendix (No. I.) an outline of the mode in 
which such experiments may most usefully be performed. 

* Organic adds generally contain more oxygen in proportion to 
their carbon and hydrogen, than those which are alkaline or neural. 

t It will be remembered that ammonia is represented by NH*, water 
by HO, and nitric acid by N O'. It is easy to see, therefore^ how,lnr 
means of oxygen, ammonia should be converted into water and nitric acid. 
7 
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The important influence which ammonia appears to ex- 
ercise over the growth of plants — ^the evidence for which I 
shall presently lay before you — ^is only to be explained on 
the supposition that numerous transformations of organic 
substances are effected in the interior of living vegetables — 
which transformations all imply the separation from each 
other, or the re-arrangenlent of the elements of which am- 
monia consists. In the interior of the plant we have seen 
that water, ever present in great abundance, is also ever 
ready to yield its hydrogen or its oxygen as occasion may 
require, while these same elements are never unwilling to 
unite again for the formation of water. So it is, to a cer- 
tain degree, with ammonia. The hydrogen it contains in 
so large a quantity is ready to separate itself from the ni- 
trogen in the interior of the plant, and, in concert with tha 
other organic elements introduced by the roots or the leaves, 
to aid in producing the different solid bodies of which the 
several parts of plants are made up. The nitrogen also 
becomes fixed in the coloured petals of the flowers, in the 
seeds, and in other parts, of which it appears to constitute a 
necessary ingredient — ^passes off in the form of new com- 
pounds, in the insensible perspiration or odoriferous exhala- 
tions of the plant, — or returning with the downward circu- 
lation, is thrown off by the root into the soil from which it 
was originally derived. Much obscurity still rests on the 
actaal transformations which take place in the interior of 
plants, yet we shall be able in a future lecture, I hope, to 
arrive at a tolerably clear understanding of the general na- 
ture of many of them. 

Such are the more important of those properties of am- 
monia, to which we shall hereafter have occasion to advert. 
The sources, remote as well as immediate, from which plante 
derive this, and the other compounds we have described as 
contributing to the nourishment and growth of plants, will 
be detailed in a subsequent section. 

§ 6. Nitric add, its constitution and properties. 

When the nitre or saltpetre of commerce is introduced 
into a retort, covered with strong sulphuric acid (oil of 
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vitriol*) and heated over a lamp or a charcoal fire, red fumea 
are given off, and a transparent, often brownish or reddish ii* 
quid, distils over, which may be collected in a bottle or other 
receiver of glass. This liquid is exceedingly acid and cor. 
rosive. In small quantity it stains the skin and imparts a 
yellow colour to animal and vegetable substances. In 
larger quantity it corrodes the skin, producing a painful 
sore, rapidly destroys animal and vegetable life, and speedi. 
ly decomposes and oxidizesf all organic substances. Being 
obtained from nitre, this liquid is called nitric acid. It con- 
sists of nitrogen combined with oxygen, one equivalent of 
the former (N) being united to 5 of the latter (O'), and is 
represented by NO*. 

This acid contains much oxygen, as its formula indicates, 
and its action on nearly all organic substances depends upon 
the ease with which it is decomposed, and may be made to 
part with a portion of this oxygen. 

In nature, it never occurs in a free state ; but it is found 
in many intertropical (hot) countries in combination with 
potash, soda, and lime — ^in the state of nitrates. It is an 
important character of these nitrates that, like the salts of 
ammonia, they are all very soluble in water. Those of so- 
da, lime, and magnesia attract moisture from the air, and in 
a damp atmosphere gradually assume the liquid form. 

Saltpetre is a compound of nitric acid with potash (ni* 
trate of potash). It is met with in the surface soil of many 
districts in Upper India, and is separated by washing the 
fioil and subsequently evaporating (or boiling down) the 
clear liquid thus obtained. When pure, it does not become 
moist on exposure to the air. It is chiefly used in the man- 
ufacture of gunpowder, but has also been recommended and 

* Sulphuric acid is a compound of oxygen and sulphur, which it 
prepared by burning sulphur with certain precautions in large leaden 
chambers. It is also obtained directly by distilling green Tt^rto^ (sulphate 
of iron) at a high temperature in an iron still-^ence its name oil of 
vitriol. It is a heavy, oily, acid, and remarkably corrosive liquid. In a 
concentrated state, it is exceedingly destructive both to animal and to v^ 
getable life. 

t When a substance combines withoxygen^ either in consequence of 
exposure to the air or in any other circiunstauces, it is said to becomt 
oxidized. 
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frequently and successfully tried by the practical husband- 
man, aa an influential agent in promoting vegetation. 

In combination with soda, it is found in deposits of con- 
siderable thickness in the district of Arica in Northern Peru, 
from whence it is imported into this country, chiefly for the 
manufacture of nitric and sulphuric acids. More recently 
its lower price has caused it to be extensively employed in 
husbandry, especially as a top-dressing for grasa lands. 
Like the acid itself, these nitrates of potash and soda, when 
present in large quantities, are injurious to vegetation. This 
is probably one cause of the barrenness of the district of 
Arica in Peru, and of other countries, where in consequence 
of the little rain that falls, the nitrous incrustations are ac- 
cumulated upon the soil. In small quantity they appear to 
exercise an important and salutary influence on the rapidity 
of growth, and on the amount of produce of many of the 
cultivated grasses. This salutary influence is to be ascribed, 
either in whole or in part, to the constitution and nature of 
the nitric acid, which these salts contain. It is chiefly with 
a view to the explanation I shall hereafter attempt to give 
of the nature of this salutary action, that I have thought it 
necessary here to make you acquainted with this acid com* 
pound of nitrogen and oxygen^ ia coimection with the aUcO' 
line compound (ammonia) of the same gas with hydrogen. 

Having thus shortly described both the organic elements 
themselves, and such chemical compounds of these elements 
as appear to be most concerned in promoting the growth of 
plants, we are prepared for entering upon the consideration 
of several very important questions. These questions are— « 

1°. From what source do plants derive the organic ele- 
ments of which they are composed ? 

2°. In what form do plants take them up — or what proof 
have we that the compounds above described, really enter 
into plants? 

8°. By what organs is the food introduced into the circu- 
lation of plants. In consequence of what peculiar structure 
of these several parts are plants enabled to take up the com- 
pounds by. which they appear to be fed ; and what are the 
functions of these parts, by the exercise of which the food is 
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converted and appropriated to their own sustenance and 
further OTowth ? 

4^. By what chemical changes is the food asnrnilated by 
plants, that is — after being introduced into the circulaticm, 
through what series of chemical changes does it pass, before 
it is converted by the plant into portions of its own sub. 
stance ? 

5°. By what natural laws or adaptations is the supply of 
those compounds, which are the food of plants, kept up ? 
Animals are supported by an unfailing succession of vegeta* 
ble crops, — ^by the operation of what invariable laws is food 
continually provided for plants ? 

These questions we shall consider in succession. 
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Source of ihe organio etemenU -of plants — Source of the caxfooD'— -Fonn 
in which it enters into the circulation of plants — Source of the hy- 
dro^^en — Source of the oxygen — Source of the nitrogen— Form m' 
which nitrogen enters into the ckrculation of plants — ^Absorption of 
ammonia and nitric aoid by plants. r 

The first of. the series of questions stated at the close of 
the preceding lecture, regards the source from which plants 
derive the organid elements of which they are composed. 
They are supported, it is obvious, at the conjoined expense 
of the earth and the air — ^how much do they owe to each, 
and for which elements are they chiefly and immediately 
indebted to the soil, and for which to the atmosphere? Wq 
must first consider the source of each element separately. 

§1. Source cfihe carbon of plants. 

We have already seen reason to believe that carhon is 
incapable of entering directly, in its solid state, into the cir- 
Oldation of plants. It is generally considered, indeed, that 
solid substances of every kind are unfit for being taken up 
by the organs of plants, and that only su^ as are in the 
liquid or gaseous state, can be absorbed by the minute ves- 
sels of which the cellular substances of the roots and leaves 
of plants are composed. Carbon, therefore, must enter 
either in the gaseous or liquid form, but from mhaX source 
must it be derived ? There are but tw# sources from which 
it can be obtained, — ^the soil in which the plant grows^ 
and the air by which its stem and leaves are surrounded^ 

In the soil much vegetable matter is ofteil present, aiid 
the farmer adds vegetable manure ^n large quantities with 
the view of providing food for his intended crq). Are plants 
really fed by the vegetable matter which exists in the soil, 
or l^ the vegetable manure that is added to it ? 
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: and advanced as a maUer of opinion — ^the latter is obviouily 

inc<»rect. In summer, when the sun ehines the brightest, 

• and for the greatest number of hours, the evaporation from 

* the leaves of all plants (their insensible perspiration) is the 

greatest*-^tbe ku^est supply of water, therefore, must at 

this season be absorbed by the roots, and transmitted upwards 

to the leaves. But this water, before it enters the roots, has. 

• derived carbonic acid and other soluble substances from the 

air and from the soil, in as large quantity at this period, as 

at any other during the growth of the plant ; and these 

. substances it will carry with it in its progress through the 

roots imd the stem. 

Are the functions of the root changed at this stage of the 
plant's growth ? Do they now absorb pure water only, care^ 
fully separating and refusing to admit,— even such substan^ 
ces as are held in solution ? Or do the same materials which 
minister to the growth of the plant in its earlier^^rtages, now 
pass upwards to the leaf and return again in the course of 
the circulation unchanged and unemployed, to be again re* 
jeoted at the roots 1 Does all this take place in the height of 
summer, while the plant is still rapidly increasing in sise t 
The opinion is neither supported by facts nor coosisteiit with 
analogy. 

But such an opinion, — ^however the words above quoted 
may mislead some, — it is not intended to be advanced by 
Liebig ; for, in the following page he say^ that ** the power 
which roots possess of taking up nourishment does not cease 
so long as nutriment is present." In summer, therefore, as 
well as in spring or in autumn, the plant must be ev^ ab. - 
sorbing nourishment by these roots, if the soil is capable of 
affording it — and thus, in the general vegetation of the globe, 
the increase of carbon in growing plants must, at every 
season of the year, be partly derived from the vegetable mat- 
ter of the soil in which they grow. 

§ 2. Form in which Carbon enters into the circulation of 
Plants. 

Supposing it to be established that the whole of the car- 

• Lindley's Theory of Horticulture, p. 46. 
8 
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bon contained in plants has originally been derived from 
the air — ^we have only to inquire in what state this element 
exists in the atmosphere, in order to satisfy ourselves as to 
the form of combination in which it is and has been re- 
ceived, into the circulation of plants. In considering the 
constitution of the atmosphere in the preceding lecture, it 
was stated that carbonic acid, a compound of carbon and 
oxygen, is always present in it — and that, though this gas 
is diffused through tiie air in comparatively small quantity 
only, yet it is every where to be detected, — ^while no other 
compound of carbon is to be found in it i;i any appreciable 
quantity. We must conclude, therefore, that from this gas- 
eous carbonic acid the whole of the carbon contain^ in 
plants has been primarily derived. This conclusion is con- 
firmed by the observation so frequently made, that the 
leaves of plants in sunshine absorb carbonic acid, and that 
plants die in an atmosphere from which this gas is entirely 
excluded. 

Put we have seen reason to believe that, under existing 
circumstances, plants also extract a portion of the carbon 
they contain from the soil in which they grow. In what 
state OT form of combination do the roots al^orb carbon ? 

The most abundant product of the decay of vegetable 
matter in the soil, is the same carbonic acid which plants 
inhale so largely from the atmosphere by their leaves. In 
a soil replete with vegetable matter, therefore, the roots are 
surrounded by an atmosphere more or less charged with 
carbonic acid. Hence if they are capable of inhaling gase- 
ous substances, this gas will enter the roots in the aeriform 
state — ^if not, it must enter in solution in the water, which 
the roots drink in so largely, to supply the constant waste 
caused by the insensible perspiration of the leaves. 

During the early fermentation of artificial manures there 
is also developed in the soil a variable proportion of light 
carburetted hydrogen (Lecture III., p. 64), which is sup- 
posed by some to enter occasionally into the roots. That it 
does enter, however, is doubtful, — and we are safe, I think, 
in considering this compound not only as an uncertain 
source of the carbon of plants, but as one from which, in 
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the most farourable circuoistancesy they can derive only a 
small supply. 

Thus, from the earth as from the air, the most unfailing 
supply of food is the gaseous carbonic acid. 

But as the water passes through the soil it takes up inor- 
ganic substances — ^potash, soda, lime, magnesia — and con« 
veys them through the roots into the circulation of the plants. 
Can it refuse to take up and to perform a similar office to 
the soluble organic substances it meets with, as it sinks 
through the soU? Or do the spongioles of the roots keep 
a perpetual watch over the entering waters, to prevent the 
introduction of every soluble form of carbon but that of 
carbonic acid ? Or, supposing such substances introduced 
into the interior of the plant, are none of them digested 
there and converted to the general purposes of food ? A 
statement of two or three facts will aiSbrd a satisfactory re- 
ply to these several questions. 

1^. When plants are made to grow in infusions of madder 
the radicle fibres are tinged of a red colour. 

2°. The flower of a white hyacinth becomes red after a 
few hours, when the earth in which it is planted is sprinkled 
with the juice of the phytoiaca decandra (Biot.) 

Therefore organic substances can enter into the roots f and 
thence into the circulation^ of the plant, 

3^. The colour of the madder does not usually extend 
upwards to the leaves and flowers of the plant. 

4**. The colour imparted to the flower of the white hya- 
cinth disappears in the sunshine in the course of a few days. 

Organic colouring matters, therefore, undergo a chemical 
change either in the stem, in the leaf or in the flower — some 
sooner, some later — and the same is probably the case with 
most other organic substances which gain admission into the 
interior of plants. 

5°. Sir Humphry Davy introduced plants of mint into 
weak solutions of sugar, gum, jelly, the tanning principle, 
^c, and found that they grew vigorously in all of them. 
He then watered separate spots of grass with the same sev- 
eral solutions, and with common water, and found all to 
thrive more than that to which common water was applied 
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— ^while those treated with sugar, gum, and gelatine grew 
luxuriantly.* 

Therefore different organic substances — ^being introduced 
into the circulation and there changed — are converted by 
plants into their own substance, or act asfood^ and nourish 
the plant. 

We may consider it, therefore, to be satisfactorily estab- 
lished that, while a plant sucks in by its leaves and roots 
much carbon in the form of carbonic acid, it derives a ua- 
riable portion of its immediate sustenance (of its carbon) 
from the soluble organic substances that are within reach of 
its roots. 

This fact is never doubted by the practical husbandman. 
It forms the basis of ntiany of his daily and most important 
operations, while the results of these operations are further 
proofs of the fact. 

The nature of the soluble substances which are formed 
during the decay of animal and vegetable substances — and 
which the roots of plants are supposed to take up-^will be 
eonsidered in a subsequent lecture.f 

§ 3. Source of the hydrogen of plants. 

The source of the hydrogen of plants is less doubtful, and 
will require less illustration, than the source of the carbon. 
This elementary substance is not known to exist in aature 
in an uncombined state, and, therefore, it must, like carbon, 
enter into plants in union with some other element. 

19. Water has been already shewn to consist of hydrogen 
in combination with oxygen. In the form of vapour, this 
compound pervades the atmosphere, and plays among the 
leaves of plants, while in the liquid state it is diffused through 
the soil, and is unceasingly drunk in by the roots of all living 
vegetables^ In the interior of plants — at least during their 
growdi— this water is continually undergoing decomposition, 
and it is unquestionably the chief source of the hydrogen 

* Agricultural Chemurdy, Lecture YI. 

t Tms part of the subject mi^ht have been discussed here wit^ut 
appearing out of place— but it will come in more apprcmriately, I think^ 
when treating of the nature and mode of action of vegOabk marvures. 
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which enters into the constitution of their several parts. In 
explaining the properties of water I have ahready dwelt upon 
the apparent facility with which its elements are capable 
either of separating from, or of re-uniting to, each other, in 
the vascular system of animals or of plants. The reaaoft 
and precise results of these transformations we shall hereaf- 
ter consider. 

2°. In light carburetted hydrogen (CH*), given off aa 
already stated during the decay of vegetable matter, and 
said to be always present in highly manured soils, this ele- 
ment, hydrogen, exists to the amount of nearly one-fourth 
of its weight. On the extent, therefore, to which this gase- 
ous compound gains admission into the roots of plants, will 
depend the supply of hydrogen which they are capable oi 
drawing from this source. Had we satisfactory evidence of 
the actual absorption of this (marsh) gas by the roots or 
leaves of plants, in any quantity, we should have no difficulty 
in admitting that plants might, from this source, easily obtaiq 
a considerable supply both of carbon and of hydrogen. It 
would be also easy to explain how (that is, by what chemical 
changes), it is capable of being so appropriated. But the 
extent to which it really acts as food to living vegetables is 
entirely unknown. 

3°. Ammonia is another compound, containing much 
hydrc^en,'*' which, as I have already stated, exercises a ma- 
nifest influence on the growth of plants. If this substance 
enter into their circulation in any sensible quantity, — if, as 
some maintain, it be not only universally diffused throughout 
nature, but is constantly affecting, and influencing at all 
times, the universal functions of vegetation-^there can be 
no doubt that the hydrogen it contains must, to an equal 
extent, be concerned in the production of the various organic 
substances which are formed or elaborated by the agency of 
vegetable life. How far this probable interference of the hy- 
drogen of ammonia with the functions of the vegetable 
organs, will tend to explain or illustrate the influence ac- 
tually exerted by this compound, we shall, by and bye, more 

* Its formula being NH' or one equivalent of nitrogen and three qf 
hydrogen. 

8* 
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accurately inquire. In the mean time, the quantity of am- 
monia, which actually enters into the <nrculation of plants 
in a state of nature, is too little known, and making the 
largest allowance, probably too minute, to permit us to con- 
sider it as an important source of hydrogen to the general 
vegetation of the globe.^ 

4®. The soluble organic substances, which enter into the 
circulation of plants through the roots, as shewn in the pre- 
ceding dection, do not consist of carbon and water only, but 
of combinations of carbon with hydrogen and oxygen in 
various proportions. From these substances, therefore, 
plants derive an uncertain and indefinite supply of hydrogen 
■in a state already half-organized, and probably, still more 
easily assimilated or converted into portions of their own 
substance, than when this element is coml»ned with oxygen 
in the form of water. 

We may, therefore, conclude generally in regard to the 
source of the hydrogen of plants — ^that though there are un- ' 
doubtedly several other forms of combination in which this 
element may enter into their circulation, in uncertain quan- 
tity — yet that all-peryading water is the main and constant 
source from whidi the hydrogen of vegetable substances is 
derived. 

§ 4. Source of the oxygen of plants. 

We can at once perceive, and without difficulty, the va- 
rious sources of the oxygen of plants ; though it is difficult 
in this case also to say how much they derive from each. 

1°. The water which they imlnbe so largely consffits in 
great part of oxygen,'*' and is easily decomposed. This 
alone would yield an inexhaustible supply. 

2°. The atmosphere contains 21 per cent, of its bulk of 
oxygen, and the leaves of plants in certain circumstances 
are known to absorb this oxygen. The air in which they 
Hve, therefore, might be another source. 

d^. ' Carbonic acid contains 72 per cent, by weight of ox- 
ygen, and this gas is also known to be absorbed in large 

* Eight-ninths of the weight of water are oxygen. 
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quantity from the atmosphere by the leaves of plants — ^while 
its solution in water is admitted readily by the roots. 

From any one of these sources an ample supply of oxygen 
might readily be obtained, and it may be considered as a proof 
of the vast importance of this element to the maintenance 
of animal and vegetable life, that it is every where placed so 
abundantly within the reach of hving beings. It is firom the / 
first of these sources, however, from the water they contain, / 
that plants are believed to derive their principal supply. 
The reasons on which this opinion is founded will appear, 
when we shall have considered the functions of the several 
parts of plants, and the chemical changes to which the food 
is subjected in the course of the vegetable circulation. 

§5. SourceoftJie nitrogen of plants. 

The quantity of nitrogen present in plants is very small, 
compared with that of any of the other elements which en- 
ter into tiieir constitution. Of this you will be reminded, by 
a reference to the analyses of hay, oats, and potatoes, ex- 
hibited in the jsecond lecture (page 33), which shew that the 
nitrogen contained in these several crops, when perfectly 
dried at 240° F., is respectively 1^, 2^, and 1} per cent. In 
the state in which they are^ usually given to cattle they con- 
tain a still less per centage of nitrogen, in consequence of 
the quantity of water still present in them. Thus raw po- 
tatoes as they are given to cattle contain only ^ of a per 
cent, of nitrogen, hay 1| per cent., and oats 1^* per cent, 
or a hundred pounds of each contain 5 ounces, 1 pound 5 
ounces, and 1 pound 14 ounces respectively. 

It would appear at first sight as if this small quantity of 
nitrogen could be of little importance to the plant, e^cial- 
ly since, as we shall hereafter see, it does not enter as a 
constituent into those vegetable substances, such as woody 
fibre, starch, sugar, and gum, which plants produce in the 
greatest abundance, and of which their own stems and 
branches chiefly consist. The same remark, however, ap- 

* 0-33, 1-29, and 1*87 per cent— the potatoes containing also 73 per 
cent ci water, the hay 14, and the oats 15 per cent. 
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plies to this, as to many other cases which present them- 
selves to the chemist, during his analyses, especially of 
organized substances, — that those elements which are 
present only in small quantity are as necessary — as 
essential — to the constitution of the particular substance in 
which they occur, as other elements are of which they con- 
tain much ; and that if these stoall quantities are removed 
or absent, not only are the physical and chemical properties 
of the substance materially altered, but it is found also to 
exercise a very different influence on animal and vegetable 
life. This latter observation will present itself to you in a 
very striking light, when we come hereafter to study the 
nutritive properties of the several kinds of food by which 
animals are chiefly supported, — and shall see on what ele- 
mentary body their relative nutritive properties depend, or 
by the amount of which their relative value appears at least 
to be indicated. 

But a consideration of the absolute quantity of nitrogen 
contained in an entire crop will satisfy you that though 
small in comparative apaount,* this element cannot be with- 
out its due share of importance in reference to vegetable 
life. Hay, as above stated, contains, as it is stacked, l\'f 
per cent, of nitrogen, or a ton of hay contains 30 lbs. of 
this element. A good crop of hay, on land which is depas- 
tured during the winter, will amount to 2 or 2i tonsj per 
acre. Taking 2 tons as an average, the hay from one acre 
will contain 601bs. of nitrogen, or from 100 acres 6000 
lbs., equal to 2f tons of nitrogen. 

* That is, compared with the carbon and oxygen which plants con- 
tain. 

t In different crops of hay .BaussingavU found in three several years 
the following proportions of nitrogen : — 

Hay, as commonly Hay dried at 
stacked. 230<» P. 

In 1836 118 1-04 ofnitrogen per cent 

" 1838 1.3 115 " " 

" 1839 1-5 1-3 " « 

" Aftermath 24 20 " " 

t The Rev. Mr. Ogle, of Kirkley, Northumberland, informs me diat 
some of his land near the Hall has yielded annually at this rate for 100 
years, and without other manure man the droppmgs from the cattle 
which have fed upon it. 
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Allowing, therefore, nothing for the aftermath, and sup- 
posing the other crops to contain no more nitrogen than the 
hay does, the farmer of five hundred acres will annually 
carry into his stack-yard at least 13 tons of nitrogen in the 
form of hay, straw, grain, and other produce.* 
. Nature perfcN-ms all her operations on a large scale, and 
the quantity of materials she employs are large in a corres- 
ponding degree. Hence, though comparatively small, the 
nitrogen in vegetable substances is absolutely large. You 
cannot suppose, when viewed in this light, that nitrogen is 
an element of little consequence in reference to vegetable 
life ; or that in nature it should be so constantly and univer- 
sally difiused without reference to some important end. If 
I may be allowed a familiar illustration of the mode in 
which small quantities of matter will affect the sensible pro- 
perties of large masses, I would recall to your minds the 
effects of seasoning upon food, in imparting, when added 
in small quantity only, an agreeable relish to what would 
otherwise be insipid. But I need not dwell on this point, 
since I shall hereafter have occasion to draw your attention 
to certain facts in reference to the constitution of the at* 
mosphere, which will satisfy you that, by the agency of 
comparatively feeble causes, gigantic effects are continually 
produced in nature, — and that we can scarcely fall into a 
graver error in reasoning of natural processes, than by 
overlooking the agency of forms of matter which present 
themselves to our senses in minute quantity only. In re- 
ference to insect Ufe this truth has been long estabhshed. - 
In the coral reefs you are familiar with the wonderful re- 
sults of the persevering labour of minute animals in one ele- 
ment. When I come to explain the nature and origin of 
soils, I shall have occasion to show that even the etement 
on which you labour — ^the earth, on the cultivation of which 
your thoughts and hands are daily employed— is ooca- 

• This average estimate gives but an inaccurate idea of the quantity 
actually contained in some species of crops. Thus red clover with the 
aid of gypsum will yield 3 tons of hay per acre. This hay contains 
more than twice the quantity of nitrogen TBoussingault) that common 
hay does, hence an acre of such hay woula contain at least 180 lbs. of 
nitrogen. (See Lecture II., p. 33,) 
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aionally indebted for some of its most valuable properties to 
a similar agency, often unseen by you, and though working 
for your good, unheeded and unthought of. 

Whence, then, is this nitrogen derived by plants? The 
primary source it is not difficult to see. We can arrive at it 
by a train of reasoning similar to that which led us to the at- 
mosphere as the original source of the carbon of plants. Ni- 
trogen does not constitute an ingredient of any of the solid 
rocks,* nor do we know any other source than the atmos- 
phere from which it can be obtained in very large quantity. 
It exists, as we have seen, in many vegetables^ and it is more 
largely present in animal substances, but these organized 
matters must themselves have drawn this element from a 
foreign source, and the atmosphere is the only one from 
which we can fairly assume it to have been originally 
derived. ^ 

But though t]ie nitrogen, like the carbon of plants, may 
thus be traced to the atmosphere— as its original source — ^it 
does not follow that this element is either absorbed directly 
from the air, or, in an uncombined and gaseous . state* 
Though the leaves of trees and herbs are continually sur« 
rounded by nitrogen, the constitution of plants may be un- 
fitted for absorbing it by their leaves. The nitrogen may 
not only require to be in a state of combination before it 
can enter into the circulation, but it may also be capable of 
gaining admission only by the roots. These points are 
considered in the following section. 

§ 6. Form in which the nitrogen enters into the circulation of 
Plants. 

The question as to the form in which nitrogen enters 
into the circulation of plants is one which at the present 
moment engages much attention. It will be proper, there- 
fore, to discuss it with considerable care, 

♦ Except coal, and coal iUelf is of vegetable origin. Throughout all 
rocks in which organic remains are found, more or less animal matter 
containing nitrogen is to be met with, but these remains are only acci- 
dentally present, and they must hare derived ^i^ nitrogen during life, 
either oirectly orindirecdy, from the atmospheriit^ 
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1^. It is considered an essential part of good tillage to 
break up and loosen the soil, in order that the air may have 
access to the dead vegetable matter, as well as to the liv- 
ing roots which descend to considerable depths beneath the 
surface. When thus admitted to the roots, it is impossible 
that some of the nitrogen of the atmosphere, as well as 
some of its oxygen, may be directly absorbed and apppro- 
priated by the plant. To what extent this absorption of 
nitrogen may proceed, however, we have as yet no experi- 
mental results froin which we can form any estimate. 
Whether it takes place at all or not, is wholly a matter of 
opinion. 

2°. The leaves of plants, as will be more fully explained 
hereafter, absorb certain gaseous substances from the at- 
mosphere, and we might, therefore, expect that some of the 
nitrogen of the air would, by this channel, be admitted into 
their circulation. This view, however, is not confirmed by 
any of the expcTriments hitherto made with the view of in- 
vestigating the action and functions of the leaves.* We are 

* See subsequent lecture *^ On the structure and functions of the several 
parts of plants. 

The experiments above referred to were made upon plants growing 
in close vessels, the air contained in which was measured and examined 
(analysed) both before the plants were introduced and after they had 
been some time in the vessel. In these experiments the bulk of the nitro- 
^n present has sometimes been observed to increase, but never to dimin' 
wA, in quantity. The conclusion seems satisfactory, that no nitrogen is 
abstracted directly from the atmosphere by the leaves of plants. Yet Bous- 
singault* very justly remarks, that a diminution in the bulk of the nitrogen 

[♦ Boussingault details a series of experiments in the course of which 
he made peas, trefoil, wheat, and oats, grow in the same pure siliceous 
sand containing no organic^ matter, and watered them with the same 
distilled water. The absolute quantity of nitrogen increased sensibly 
in the peas and trefoil during their growth ; in the wheat and oats no 
change could be detected by analysis* From these results he is in- 
clined to infer that the green leaves of the former have the power 
of sensibly absorbing nitrogen from the atmosphere, while those of 
the latter have not this power — at least under the circumstances in 
which the experiments were made. This conclusion, however, is 
not certain^ as will presently be shewn. — See Anm>. de Chim. et de 
Phys. bcvii. p. 1, and Ixix. p. 353.] 
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not i^t liberty, therefore, to assume that any of the nitrogen 
which plants contain has in this way been derived directly 
from the air. It may be the case ; but it is not yet proved. 

3^. There is little doubt, however, that nitrogen enters 
the roots of plants in a state of solution. But the quantity 
they thus absorb is uncertain — it is supposed to be small, 
and must be variable. 

When water is exposed to the air in an open vessel it gra- 
dually absorbs oxygen and nitrogen, though, as has ^n 
stated in a previous lecture, in proportions different from 
those in which they exist in the atmosphere. The whole 
quantity of the mixed gases thus taken up amounts to about 
4 per cent, of the bulk of the water (Humboldt and Gay- 
Lnssftc), and in rain water about f of the whole consist of 
nitrogen. One hundred cubic inches of rain water, there- 
fore, will carry into the soil about 2| inches of nitrc^en gas. 
But in passing through the soil, the water meets with other 
soluble substances before it reaches the roots, especially the 
deep-seated roots of plants. It takes up carbonic acid, and 
it dissohres solid substances, and in doing so it is a property 
of water to give off a portion of the other gases which it had 
previously absorbed from the air. 

But let us suppose that rain water actually takes to the 
roots, and carries with it into the circulation of the plant, 
2 per cent, of its bulk of nitrogen, and let us calculate how 
much of the nitrogen it contains a crop of hay could in this 
way derive from the air. 

too small to be detected in the ordinanr mode of making these esmeri- 
ments, would be sufficient to account for a considerable portion ofthat 
comparatively small quantity of nitro^n which is present in all living 
plants. WMe, therefore, we accord their due weight to these re- 
searches of the vegetable physiologists, we are not to consider them 
as by any means decisive of the question. With this rational and 
9Autious conclusion, Liebigis not satisfied; he says, "We have not 
the slightest reason for believing that the nitrogen of the atmosphere 
takes part in the processes of assimilation of plants and animals ; on the 
contrary, we know that many plants emit the nitrogen which is absorbed 
by. their roots either in the easeous form or in solution in wf^er." 
(p. 70.) But if thev occasionally expire nitro^n by their leaves, why 
must this nitrojgen be exactly that portion which has previously been 
abi^orbed by the roots in the uncombined state, and the quantity of 
which is so uncertain and so indefinite 1 
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The quaatity of rain that falls at York from the first of 
March to the middle of June— during which time the graw 
growd and generally ripens — is about five inches.* On a 
square foot, therefore, there fall 720 cubic inches of water, 
containing 2 per cent, of their bulk, ot 14 cubic inches, of 
nitrogen, weighing 4j> grains. This gives 28 lbs. for the 
quantity of nitrogen thus brought to the scmI oyer an entire 
acre. But if we consider how the rain falls in our climate, 
we cannot suppose the grass in a fi^d to absorb by its roots, 
and afterwards perspire by its leaves, more than one-third 
of the whole. This quantity would carry with it 9 lbs. of 
nitrog^i itfto the circulation <^ the plants— or little more 
than a seventh part of the 60 lbs* which, as we have seen, 
are taken off the field in a crop of hay. 

Such a calculation as this affords at the best but a very 
rude approximation to the truth — ^it seems, however, to jus- 
tify us in concluding that plants can derive from the air, 
and in an uncombined state, only a small portion of the ni- 
trogen they are found to contain — and Hmt they probably 
draw a larger supply from certain compounds of this ele- 
mentary substance with hydrogen and oxygen — which are 
known to come within the reach of their roots and leaves. 

The most important of these compounds, and those per- 
haps the most extensively concerned in influencing vegeta*. 
tion, are ammonia and nitric acid, the properties of which 
have been described in the preceding lecture.f 

§ 7. Absorption of Ammonia hy plants. 

That ammonia enters directly into the circulation of 
plants is rendered probable by a variety of considerations. 

1°. Thu9 it is found to be actually present in the juices 
of many plants. In that of the beet-root, and in those of 

♦ The result of experiments made in 1834 by Prof. Phillips and Mr. 
Edward Gray. The mean annual ML of rain at York is about 23 inches. 
— See fifth Report of the British Association, p. 173. 

t It will be recollected that ammonia consists of one equivalent of 



Digitized by LjOOQIC 



96 AMMONIA OBTAINED FBOM VEOBTABLE0. 

the birch and maple trees, it is associated with cane sugar 
(Liebig.) In the leaves of the tobacco plant, and of scurvy 
grass, in elder flowers, and in many fungi,"" it is in combi- 
nation with acid substances, and may be detected by mixing 
their juices with quicklime. 

2^. Some plants actually perspire ammonia. Among 
these is the Chenopodium Olidum (stinking goosefoot), which 
is described by Sir William Hooker as '* giving out a most 
detestable odour, compared to putrid salt Mi." In .the 
odoriferous matter given off ammonia is contained, and may 
be detected by putting a glass shade over the plant, and af- 
ter a time introducing a feather moistened with vinegar or 
dilute muriatic acid, f It is also present in the odoriferous 
exhalations of many sweet smelling plants and flowers.:|: 

3^. Nearly all vegetable substances, when distilled with 
water, yield an appreciable quantity of ammonia* Thus 
the leaves of hyssop, and the flowers of the lime tree, yield 
distilled waters in which amjnonia can be detected (Schiib- 
ler), the seeds of plants thus distilled yield it in abundance 
(Qay Lussac), and traces of it may be found in most vege- 
table extracts (Liebig). 

4<^. Ammonia is aiso given ofl*, among other products, 
when wood is distilled in iron retorts for the manufacture of 
pyroligneous acid, and by a similar treatment it may be ob- 
tained from many other vegetable substances. 

The above facets, however, are not to be considered as 
proofs that ammonia enters directly into the circulation of 
plants either by their roots or by their leaves. That which 
is associated with sugar in the beet, may have been formed 
by the same converting power Vhich, in the interior of the 
plant, has produced the sugar from carbonic acid and water. 
So, that exhaled by the leaves of the goosefoot^ which 
grows in waste places, especially near the sea, may have 
been produced during the upward flow of the sap or during 
its passage over the leaf. And we knew that the nitrogen 
does not exist in the state of ammonia in the seeds of plants, 

♦ Schubler Agrimthif Chemie^ II., p. 56. 
t Chevallier Jour, de Pharvt» X., p. 100. 
t Schubler, I., p. 152. 
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or in wood, "or in coal — though, from all of them it may be 
obtained by the processes above described. 

The production of ammonia, by the agency of a high 
temperature, itnay be illustrated by a very familiar experi- 
ment often performed, though for a very difierent purpose* 
The juice and dried leaf of tobacco contain nitre (nitrate of 
potash) and a little ammonia. But when tobacco is burned, 
ammonia in sensible quantity is given off along with the 
smoke, chiefly in the state of carbonate of ammonia. This 
may be shown by bringing a lighted cigar near to reddened 
litmus paper, when the blue colour will be restored ; or to a 
red rose, when the leaves will become green ; or to a rod 
dipped in vinegar or in dilute muriatic acid, when a white 
cloud will appear.* 

In this case a portion of the ammonia given off by the to- 
bacco has most probably l)een formed during the combustion, 
at the expense of the nitrogen contained in the nitrate of 
potash which is present in the leaf. 

5°. But there are other circumstances which are strongly 
in favour of the opinion, that ammonia not unfrequently 
does enter, as such, into the circulation of plants. 

Thus it is proved, by long experience, that plants grow 
most rapidly and most luxuriantly when supplied with ma- 
nure containing substances of animal origin. These sub- 
stances are usually applied to the roots or leaves in a state 
of fermentation or decay, during which they always evolve 
ammonia. Putrid urine and night-soil are rich in ammonia, 
and they are among the most efficacious of manures. This 
ammonia is supposed to enter into the circulation of plants 
along with the water absorbed by their roots, and sometimes 
ev6n by the pores of their leaves. We can scarcely be said 
to have as yet obtained decisive proof that it does so enter, 
but probabilities are strongly in favour of this supposition ; 
and when we come hereafter to consider minutely the mode 
in which it is likely to act, when within the plant, we shall 
find the probabilities derived from practical experience to be 
strengthened by the deductions of theory. 

But though the facts so long observed in reference to the 

* Runge, EifUeUung vn die techmsche Chemie^ p. 375. 
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action of animal manurea upon vegetation, justify us in be- 
lieving that ammonia actually enters into the roots, and per- 
haps into the leaves, of plants — we ought not hastily to con- 
clude that all the nitrogen which plants are capable of de- 
riving from decaying animal matter miut enter into their cir- 
culation in the form of ammonia. Other soluble compounds 
containing nitrogen are formed during the decay of animal 
substances — ^they actually exist largely in the liquid manures 
of the stable and fold-yard, and they can scarcely fail, 
when applied to the soil, to be to a certain extent al^rbed 
by the roots of plants. This ured is a substance containing 
much nitrogen, which exists in the urine or excrements <^ 
most animals, and by its decomposition produces carbonate of 
ammonia. But being very soluble, this substance may 
enter directly into the roots, and may be there decomposed, 
and made to give up its nitrogen to the living plant. To 
other compound substances of animal origin the same ob- 
servation may apply,* — so that while the fact, that animal 
manure in a state of fermentation is very beneficial to vege- 
tation, may be considered as rendering it highly probable 
that the ammonia which such manure contains, enters di- 
rectly and supplies much nitrogen to the growing plants, 
it must not be entirely left out of vienf that, in nature, a 
portion of the nitrogen, derived from animal substances, 
may be obtained immediately from other compounds in 
which ammonia does not exist. 

To what (xmount ammonia actually enters into the circu- 
lation of plants, or how much of the nitrogen they contain 
it actually supplies, we have no means of ascertaining. 
Were it abundantly present in the soil, its great solubility 
would enable it to enter, with the • water absorbed by the 
roots, in almost qnlimited quantity. Jn a subsequent sec- 

♦ Thus it may be applied more strongly to the hippuric acid, which 
exists in the urine of the horse, and other herbivorous aniinfds. This 
acid decomposes naturally into benzoic acid fmd ammonia. ' The sweet- 
scented vernal-grass {Anthoxanthum Oderatum) by which hay is pep- 
fumed, owes its agreeable odour to the presence of this benzoic acid^ 
It may, therefore, be supposed that, where cattle and horses graae. th« 
grasses actually absorb the hippuric acid contained in the urine, which 
reaches their roots, decon^pose it as it ascends with the sap, appropriate 
its nitrogen, and exhale the odori^rous benzoic add. 
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tion we shall consider the conditions under which ammonia 
is produced in nature, the compctrative abundance in which 
it exists on the earth's surface, and the extent of the in- 
fluence it may be supposed to exercise on the general vege- 
tation of the globe, 

§ 8. Absorption of nitric acid by plants, 

1°, That ammopia is actually present in the juices of 
many living vegetables has been adduced, as a kind of pre- 
sumptive evidence, that this compound is directly absorbed 
by plants. A .similar presumption is ofiered in favour of 
the direct entrance of nitric acid» by its ipvariable presence 
in combination with potash, soda, lime, or magnesia, in the 
juices of certain common and well known plants. Thus it 
is said to be always contained in the juices of the tobacco 
plant, of the sunflower, of the goosefoot,* and of common 
borage. The nettle is also said to contain it, and it has been 
detected in the grain of barley, f It exists probably in the 
juices of mai^ other plants in which it has not hitherto 
been sought for. Were we, therefore, entitled, from the 
mere presence of this acid in plants, to infer that it had 
really entered by their roots or leaves, we should have no 
hesitation in drawing our conclusion. But, like ammonia, 
it may have been formed in the interior of the living vege- 
table ;X ^^^ hence the fact of its presence proves nothing in 
regard to tiie state in which the nitrogen it contains entered 
into the circulation of the plant. 

2^. but nitric acid, like ammonia, exerts a powerful in- 
fluence on the growing crop, whether of corn or of grass. 
Animal matters, as we have seen, give ofi* ammonia during 
their decay, and manures are rich and efficacious in pro- 
portion to the quantity of animal manure they contain, 

* CheTiopodium, probal)l7 in (dl tbe species of this genus. — See Li«- 
big,p.82. 

t Grisenthwaite (New Theoru of AgritMUwe, p. 105) says, it is always 
present in barley in the fonn of nitrate of soda. — See Appendix, 

t When the beet-root arrives at maturity, the suffar begins to dimin- 
ish, and sal^tre or other nitrates to heformed^ probably at the expense 
of the ammonia which the juice previously contained. — Decroizelles, 
^^w. ^ PAtfr., X., p. 42, 
9* 
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The crop produced also is valuable and rich in nitrogen in 
like proportion. Theref<N:e, as already stated, it is inferred 
that ammonia enters directly into the hving plant, and sup- 
plies it with nitrogen. 

The effect of nitric acid is similar in kind, and perhaps 
equal in degree. Applied^ to the young grass or. sprouting 
shoots of graii;!, it hastens and increases their growth, it oc- 
casions a larger produce of grain, and this grain, as when 
ammonia is eniployed, is richer in gluten^ and more nutri- 
tious in its quality.'*' An equal breadth of the same field 
yields a heavier produce, and that produce, weight for 
weight, contains more when saltpetre or nitrate of soda have 
been applied in certain quantities to the young plants which 
grow upon it. It is reasonable to conclude, Qierefore, that 
the acid of the nitrates, in some form or other, is capable of 
entering into the circulation of living plants — and of yield- 
ing to them, in whole o^ in part, the nitrogen they contain. 

* The analogooB effects of ftnunoniacal manures and of the nitrates 
CO the relative quantities of ghUen and starch in ^rain, are shewn by 
the following experiments : 

Hermbsts^t sowed equal quantities of the same wheat, on equal 
plots of the same ground, and manured them with equal weights of dif^ 
ftmnt manures. Then from 100 parts of each sample of ^jain pro- 
djoced, he obtained starch and gluten in the following proportions : 

Without manure 

With vegetable manure (rotted 
potatoe hauhn) . 

With cow dung 

With pigeons' dnng 

With norse dung . 

With goats' dung . 

With sheep dung . 

With dried night-soil 

With dried ox-blood 

With dried human urine 
The manures employed by Hermbstaedt are supposed^dxanng fermen- 
tation, to evolve more ammonia in the order in whicn they are here 
placed, bc^ginning at the top of the list; while the amount and kind 
of the pro<mce ofa^^ed by the use of eac^, afford the chic^ evidence in 
fiivour of the opinion ^t this ammonia actually enters into and yiektt 
mtragen to Ae ftoit 
Mr. Hyett found in flour raised on two patehes of the same land in 

[* Schilbler. Onrndsotze der AgricuUur Chernie^ II. p. 170.] 
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But here, again, as in the case of ammonia, we are at 
&ult in regard to the quantity <^ their nitrogen which plants 
in a state of nature actually derive from nitric acid or the 
nitrates. The compounds of this acid with potash, soda, 
lime, and magnesia (the nitrates of these substances), are 
all very soluble in water. The quantity of this fluid, 
therefore, which enters by the roots of plants, could easi- 
ly convey into their circidation far more of these nitrates 
than would be alone sufficient to supply the whole o( 
the nitrogen they require— fcM* the formation of all their 
parts and products* But so it might of ammonia at its 
salts, as has already been shewn. I shall hereafter ky 
before you certain considerations which may probably lead 
us to approximate conclusions in regard to the relative in- 
fluence exercised by these two compounds on the general 
vegetation of the globe. 



Conclusions, — ^Respecting the form in which nitrogen 
enters into the circulation of plants, we have, therefore, I 
think, fairly arrived at these deductions : 

1^. That the nitrogen of the atmosphere may, to a small 
extent, enter directly into the living vegetable either in the 
form of gas or in solution in water, but that supposing ni- 

Gloucestendiire, the one dressed with nitrate of soda, the other un- 
dressed, the following {proportions : 

Gluten. Starch. 

In the nitrated , . . . . . 23-25 495 

In the unnitrated . . . . . 19* 55S 

And Dr. Daubeny, in flour from wheat top-diessed with saltpetre, 
found — 

In the nitrated .... 15 per cent of gluten. 
Intheunnitiaied .... 13 , " « ♦ 

These difierenoes are not so striking as in the ease of aibmonia, bat 
they are precisely tke same in kind, and lead to the same general con- 
clusion in regard to the nature of the influence of the nitrates on vege- 
tation. A<xurate and repeated ej^riments on the precise effects of 
the nitrates are still much to be desired. 

[* 'nret Ledwes an AgricuUwe^ p. 76.] 
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trogen to be in this way appropriated* by the plant, the 
quantity so taken up could form only a small quantity^ of 
that which vegetables actually contain. 

2°. That ammonia is capcMe of entering into plants in 
very large quantity, and of yielding nitrogen to them, and 
that in European agriculture, which employs fermenting 
animal manure as an important means of promoting vegeta- 
ble growth, it does appear to yield to cultivated |)lants a 
considerable portion of the nitrogen they contain. 

3°. That nitric acid, in like manner, is capable of enter- 
ing into and giving up its nitrogen to plants; and that 
where this acid is employed as an instrument of culture, the 
crops obtained owe part of their nitrogen to the quantity of 
this compound which has been applied to the growing plants. 
The same inference may fairly be drawn in regard to the 
effect of nitric acid — ^when in the form of nitrates, it exists 
or is produced naturally in the soil. 

4^. That other compound bodies, such as are contained 
in urine, or are produced during the decay of Animal matter, 
may also enter into the circulation of plants, and yield ni- 
trogen to promote their growth. 

On the whole, however, there seem strong reasons for be- 
lieving that plants are mainly dependent on ammonia and 
nitric acid for the nitrogen they contain : and that they ob- 
tain it most readily, .and with least labour, so to speak, from 
these compounds,— though nature has kindly fitted them for 
deriving a stinted supply from other sources, when these 
substances are not present in sufficient abundance. 

How far each of these compounds is employed by nature, 
as an instrument in promoting the general vegetation of the 
globe, will be considered in a subsequent lecture. 



* Liebigand others say that plants are incapable of appropriating or 
Assimilatm^ the nitroeen which enters into- their circulation in the sim- 
ple state (Liebig, p. %), We shall consider this question hereafter. 
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LECTURE V. 

How does the food enter into the circulation of plants — Structure of the 
seireral parts of plants — Functions of the root — Course of the sap — 
Cause of its ascent — Ftmctions of the stem — of the leaves— and ot the 
bark — Circumstances by which the exercise of these functions it 
n^odi£ed. 

Having now taken a general view of the source from 
which plants derive the elementary substances of which 
their solid, parts consist, and of the states of combination in 
which these elements enter into the vegetable circulation, — 
the next step in our inquiry is — hew are these substances 
admitted into the interior of living plants — and under what 
conditionsi or regulations? We are thus led to study the 
structure and functions of the several parts of plants, and 
the circumstances by which the exercise of these functions 
is observed to be modified. 

§ 1. General structure ofplantSy and of their several parts. 

Plants consist essentially of three parts — ^the roots, the 
stem, and the leaves. The former spread themselves in va- 
rious directions through the soil, as the latter do through 
the air, and the stem is dependent for its food and increase 
on the rapidity with which the roots shoot out and extend^ 
and on the number and luxuriance of the leaves. 

We shall obtain a clearer idea of the relative structure of 
these several parts by first directing our attention to that of 
the sltem. 

The stem consists apparently of four parts — the pith, the 
wood, the bark, and the medullary rays. The pith and the 
medullary rays, however, are similarly constituted, and aro 
only prolongations of one and the same substance. The 
pith forms a solid cyUnder of soft and spongy matter, which 
ascends through the central part of the stem, and varies in 
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thickness with the species and with the age of the trunk or 
branch. The wo6d surrounds the pith in the form of a hol- 
low cylinder, and is itself covered by another hollow cylin- 
der of bark. In trees or branches of considerable age the 
wood consists of two parts, the oldest or heart icoodj often of 
a brownish colour, and the newer external wood or alburnum^ 
which is generally softer and less dense than the heart wood. 
The bark also is easily separated into two portions, the inner 
bark or liher, and the epidermis or outer covering of the tree. 
The pith and the bark are connected together by thin verti- 
cal columns or partitions, which intersect the wood and di- 
vide it into triangular segments. A cross section of the 
trunk or branch of a' tree exhibits these thin columns ex- 
tending in the form of rays, or like the spokes of a wheel, 
from the centre to the circumference. Though they form 
in reality thin and continuous vertical plates, yet from the 
appearance they present in the cross section of a piece of 
wood, they are distinguished by the name of medullary 
rays. 

These several parts of the stem are composed of bundles 
of small tubes or hollow cylindrical vessels of various sizes, 
and of different kinds, the structure of which it is unneces- 
sary for us to study. They are all intended to contain liquid 
and gaseous substances, and to convey them in a vertical, 
and sometimes in a horizontal, direction. The tubes which 
compose the wood and bark are arranged vertically, as may 
readily be seen on examining a piece of wood even with the 
naked eye^ and are intended to convey the sap upwards 
to the leaves and downwards to the roots. Those of which 
the pith aod medullary plates consist are arranged horizon, 
tally, and appear to be intended to maintain a lat^al inter- 
course between the pith and the bark — ^perhaps even to place 
the heart of the tree within the influence of the external air. 

The root, though prior in its origin to the stem, may ne- 
vertheless for the purpose of illustration be considered as it» . 
downward and lateral prolongation into the earth — as the 
branches are its upward prolongation into the air.* When 

♦ The correctness of this comparison is proved by the fact that, in 
many trees, the branch if planted will become a root, and the root if ez- 
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they leave the lower part of the trank of the tree, they dif- 
fer little in their internal structure from the stem itself. As 
they taper off, however, first the heart wood, then the ptth| 
gradually disappear, till, towards their extremities, they 
consist only of a soft central woody part and its covering of 
soft bark. These are connected with, or are respectively 
prolongations of, the new wood and bark of the trunk and 
branches. At the extreme points of the roots the bark be- 
comes white, soft, spongy, and full of pores and vessels. It 
is by these spongy extremities only, or chiefly, that hquid 
and gaseous substances are capable either of entering into, 
or of making their escape from, the interior of the root. 

The branches and twigs are extensions of the trunk ; 
and of the former, the leaves may be considered as a still 
further extension. The fibres of the leaf are minute ramifi- 
cations of the woody matter of the twigs, are connected 
' through them with the wood of the branches and stems, and 
from this wood receive the sap which they contain. The 
green part of the leaf may be considered as a special expan- 
sion of the bark, by which it is fitted to act upon the air, in 
the same way as the spongy mass into which the bark is 
changed at the extremity of the root, is fitted to act upon 
the water and other substances it meets with in the soil. 
For as the fibres of the leaf are connected with the wood of 
the stem, so the green part of the leaf is connected with its 
bark, and from this green part the sap first begins to descend 
towards the root. 

posed to the air, will mdually be transformed into a branch. The ba- 
nana in the forest, and' the currant tree in our gardens, are familiar in- 
stances of trees spontaneously planting their branches, and causing 
them to perform the functions of roots. In like manner, '^if the stem en 
a young plum or cherry-tree, or of a willow, be bent in the autumn so 
that one-half of the top can be laid in the earth and one-half of the root 
be at the same time taken carefully up-^-sheltered at first and afterwards 
^radufdly exposed to the cold — and if in the following year the^ remain- 
ing part of the top and root be treated in the same way, the branches of 
the top will become roots, and the ramifications of the roots will be- 
come branches, producing leaves, flowers, and fruit in due season.* 
The tree is thus reyersed in position, and the roots and branches being 
thus mutually convertible cannot be materially unlike in general struc- 
ture. 

[* Loudon's EncydajHBdia of Agriculture,] 
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§ 2. The functions of the root. 

The position in which the roots of plants in their natural 
state are generally placed, has hitherto prevented their func- 
tions from bein^ so accurately investigated as those of the 
leaves and of the stem. While, therefore, the main pur- 
poses they are intended to serve are universally known and 
understood, the precise way in which these ends are ac- 
complished by the roots, and the powers with which they 
are invested, are still to a considerable degree matters of 
dispute. 

I. It appears certain that they are possessed of the po^i^er 
of absorbing water in large quantity from the soil, and of 
transmitting it upwards to the stem. The amount of wa- 
ter thus al^orbed depends greatly upon the nature of the 
soil and of the climate in which a plant grows, but much 
also upon the specific structure of its leaves and the extent 
of its foliage. 

U. The analogy of the leaves and young twigs would 
lead us to suppose that, when in a proper state of moisture, 
the roots should also be capable of absorbing ^seous sub- 
stances from the air which pervades the soil. Experiment, 
however, has not yet shewn this to be the case. 

We knoiw, however, that they are capable of absorbing 
gases through the medium of water. For if the roots of a 
plant are placed in water containing carbonic acid in the 
state of solution, this gas is found gradually to disappear. 
It is extracted from the water by the roots. And ^ the 
water in which the roots are immersed be contained in a 
bottle only partially filled with the liquid, while the remain- 
der is occupied by atmospheric air, the oxygen in this air 
will also slowly diminish. It will be absorbed by the roots 
through the medium of the water.* 

Again, if in the place of the atmospheric air in this bottle, 

• It will be lecoUectcd that water absoibs About 4 per cent of its bulk 
of air from the atmosphere, of 'Vi^ch about one-thira is ox^rgen. If the 
roots extract this oxygen from the water, the latter will a^ain drink in a 
fresh portion from the atmospheric air which floats above it 
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carbonic acid be substituted, the plant will droop and in a 
few days will die. The ^ame will take place, if instead of 
cmnmon air or carbonic acid, nitrogen or hydrogen gases be 
introduced into the bottle. The plant will not live when its 
roots are exposed to the sole action of any of the three. 

It is obvious, therefore, that the roots of plants absorb 
gaseous substances from the air which surrounds their roots, 
at least indirectly and through the medium of water. It 
appears also thsU; from this air they have the power of «e- 
lectvng a certain portion of oxygen when this gas is present 
in it. Thirdly, that though they can absorb carbonic acid 
to a limited amount without injury to the plant, yet that a 
copious supply of this gas, unmixed with oxygen, is fatal to 
vegetable life. This deduction is confirmed by the fact 
that, in localities where carbonic acid ascends through fis- 
sures in the subjacent rocks and saturates the soU, the 
growth of grass is found to be very much retarded. And, 
lastly,^ since nitrogen is believed not to be in itself noxious 
to vegetable life, the death of the plant in water surrounded 
by this gas, is supposed to imply that the presence of oxy- 
gen is necessary about the roots of a growing and healthy 
plant, and that one of the special functions of the roots is 
constantly to absorb this oxygen. 

This supposition is in accordance with the fact that, in 
the dark, the leaves of plants absorb oxygen from the at- 
mo^here ; for we have already seen reason to expect that, 
from their analogous structure, the roots and leaves in simi- 
lar circumstances should perform also analogous functions. 
At the same time, if the roots do require the access and pre- 
sence of oxygen in the soil, it would further appear that 
those of some plants require it more than those of others f 
inasmuch as some genera, like the grasses, love an open and 
fHable soil, into which the air gains easy admission ; while 
other genera, like the clovers, prefer a denser, stiffer surface, 
by which the air is more completely excluded.* 

IJI. We have in a former lecture (IV. p. 88) concluded 
from facts there stated, that solid substances, which are sol- 
uble in water, accompany this liquid when it enters into the 

* Sprengel, Chemie^ II., p. 337. 
10 
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circulation of the plant. This appears to be true both of 
organic and inorganic substances. Potash, soda, lime, and 
magnesia thus find their way into the interior of plants, as 
well as those substances of animal and vegetable origin to 
which the observations made in the fourth lecture were in- 
tended more especially to apply. Eyen sUica,* considefed 
to be almost insoluble in water, enters by the roots, and is 
found in some cases in considerable quantities in the stem. 
Som'e persons have hence been led to conclude that soUd 
substances, undissolved) if in a minute state of division, may 
be drawn into the pores of the root and may then be car- 
ried by the sap upwards to the stem. 

Considered as a mere question of vegetable mechanics, 
argued as such among physiologists, it is of Uttle moment 
whether we adopt or reject this opinion. One physiologist 
may state that the pores by which the food enters into the 
roots are so minute as to baffle the powers of the best con- 
structed microscope, and, therefore, that to no particles of 
solid matter can they by possibility give admission — while 
another may behfeve solid matter to be capable of a me^ ' 
chanical division so minute as to pass through the pores of 
the finest membrane. As^to the mere fact itself, it matters! 
not which is right, or which of the two we follow. The;-^ 
adoption of the latter opinion implies in itself merely that 
foreign substances, unnecessary, perhaps injurious to vege- 
table life, may be carried forward by the flowing juices 
until in some still part of the current, or in some narrower 
vessel, they are arrested and there permanently lodged in 
the solid substance of the plant. 

By inference, however, the adoption of this opinion im- 
plies also, that the inorganic substances found in plants, — ■■] 
those which remain in the form of ash when the plant is 
burned,— are accidental only, not essential to its consti- 
tution. For since they may have been introduced in a * 
mere state of minute mechanical division suspended in thfe 
sap, they ought to consist of such substances chiefly as the 

* Silica is the name given by chemists to the pure matter of ^nt '- 
or of rock crystal. Sand and sandstones consist ahnojst entirely of 
nliea. 
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soil contains in the greatest abundance, and they ought to 
vary in kind and rekUive quantity with every variation in 
the soil. In a clay land the ash should consist chiefly of 
aluminay* in a sandy soil chiefly of silica. But if, as chem- 
ical inquiry appears, to indicate, the nature of the ash ia 
not accidental but essential^ and in some degree ccmstaBt, 
even in very diflerent soils, this latter inference is inadmis- 
sible ; — and in reasoning backwards from this fact, we find 
ourselves constrained to reject the opinion that substances 
are capable of entering into the roots <^ plants in a solid 
state— -and this without reference at all to the mechanical 
question, as to the relative size of the pores of , the spongy 
roots or of the particles into which solid matter may be 
divided. 

IV. We are thus brought to the consideration of the 
alleged selecting power of the roots, which, if rightly at-^ 
trib^ted to them, must be considered as one of the most 
important functions of which they are possessed. It is a 
function, however, the existence of which is disputed by 
many eminent physiologists. But as^he adoptioo or re- 
jection of it will materially influence our reasonings, as well 
as our theoretical views, in regard to some of the most vital 
processes of vegetation, — it will be proper to weigh care- 
fully the evidence on which this power is assign^ to the 
roots ofplants. 

1°. llie leaves, as we shall hereafter see, possess in % 
high degree the power of selecting from the atmosphere 
one or more gaseous substances, leaving the nitrogen^ 
chiefly, unchanged in bulk. The absorption of carbonic 
acid and the diminution of the oxygen in the experiments 
above ^escribed, appear to be analogous efiects, and would 
seem to imply in the roots the existence of a amilar power. 

2°. Dr. Daubeny found that pelargoniums, barley (hoT' 
deum vulgure), and the winged pea (lotus tetragonolobu8)j 
though made to grow in a soil containing much strontia,f 

* Alumina is the pure earth of clay. 
\ t Watered with a solution of nitrate of strontia. S^ontia is an 
earthy substance resembling lime, which is found in certain rocks and 
.mineral veins, but which has not hithecto been <^seiTed in the ashes of 
plants. 
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appeared to absorb none of this earth, for none was found 
in the ash left by the stem and roots of the plant when 
burned. In like manner De Saussure observed that poly- 
gonum persicaria refused to absorb acetate of lime from the 
soil, thougfi it freely took up common salt;* 

3°, Plants of different species, growing in the same soil, 
leave, when burned, an ash which in every case contains 
either different substances, or the same substances in unUke 
prc^rtions. Thus if a bean and a grain of wheat be grown 
side by side, the stem qf the plant from the latter deed will 
be found to contain silica, from the former none.f 

4^. But the same plant grown in soils unlike in character 
and composition, contains always-— if they are present in 
the soil at all — ^very nearly the same kindj: of earthy mat- 
ters in nearly the same proportion. Thus the stalks of 
corn plants, of the grasses, of the bamboo, and of many 
others, always contain silica, in whatever soil they grow, 
or at least are capable of growing with any degree of luxu- 
riance. 

With the view of testing this point, Lampadius prepared 
five square patches of ground, manured them with equal 
quantities of a mixture of horse and cow dung, sowed them 
with equal measures of the same wheat, and on four of 
these patches strewed respectively five pounds of finely 
powdered quartz {siliceous sand), of chalk, of alumina, and 
of carbonate of magnesia, and lefl one undressed. The 
produce of seed from each, in the above order, weighed 24 j-, 
28|, 26|, 21^, and 20 ounces respectively. The grain, 
chaff, and straw from each of the patches lefl nearly the 
same quantity of ash — the weights var3ang only from 3*7 
to 4*08 per cent., and the roots and chaff being richest in 

♦ Ldndley*s Theory tf HortkuU/wre^ p. 19. 

t It is not strictly correct that the bean will absorb no silica, but the 
ouantity it will take up will be only one-thirteenth of that taken up by 
tne wheat plant — ^the per centa^e of silica in the ash of bean straw 
being, according to Spren^l, only 0*22, while m wheat straw it is 2-€P7 
oer cent. Pea straw contains four times as much as that of the bean, or 
0*9M per cent 

% For more precise information on this point, see the subsequent leo- 
tures, ** Onihe inargamc constiUietUs of plants." 
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inorganic matter. The relative proportions of silica, ahnn. 
ina, lime, and magnesia, were tJie same in alL* Provided, 
therefore, the substances which [^nts prefer be present in 
the soil, the kind of inorganic matter they take up, or of 
ash they leave, is not materially affected by the presence of 
other substances, even in somewhat larger quantity. 

These facts idl point to the same conclumon, that the 
roots have the power of selecting from the soil in whitli 
they grow, those substances which are best fitted to pro- 
mote the growth or to maintain the healthy condition of tiie 
plants they are destined to feed. 

5°. It has been stated above that the roots of certain 
plants refuse to absorb nitrate c^ strontia and acetale of 
lime, though presented to them in a state of solution^— the 
same is true of certain colored solutions which have been 
found incapable of finding their way into the circulation of 
plants whos^ roots have been immersed in them« On the 
other hand, it is a matter of frequent observation that the 
roots absorb solutions containing substances which speedily 
cause the death of the plant. Arsenic, opium, salts of iron, 
of lead, and of copper, and many other substances, are ca- 
pable of being absorbed in quantities which prove injurioue 
to the living vegetable — and on this ground chiefly many 
physiologists refuse to acknowledge that the roots of plants 
are by nature endowed with any definite and constant 
power of selection at all.^ But this argument is of equal 
force aCgainst the possession of such a power by animals or 
even by man himself; since, with our maro perfect discrimi* 
nating powers, aided by our reason too, we every day swal- 
low wi& our food what is more or less injurious, and occa- 
sionally even fatal, to human life.f 

On the whole, therefore, it appears most reasonable to 
< 

• Me3reii Jahresberichiy 1839, p. 1. 

1 1 may liere remark that it is by no means an extraordinary power 
which these circumstances seem to shew the roots of plants to possest. 
In the presence of oxygen, nitrogen, and carbonic acid, in equal quanti- 
ties, water will prefer and will select the latter. From a mixture of lime 
and magnesia, acetic or sulphuric acid will select and separate the for- 
mer. Is it unreasonable to suppose the roots of plants — tne organs of a 
living being — to be, endowed with powers of discrimination at least as 
great as those possessed by dead matter 1 
10* 
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conclude that the roots are so constituted as (1^) to be able 
generally to select from the soil, in preference, thoee sub- 
stances which are most aiitable to the nature of the plant-^— 
(2°) where these are not to be met with, to admit certain 
others in their stead* — (3°) to refuse admission also to cer- 
tain substances likely to injure the plant, though unable to 
discriminate and reject every thing hurtful or unbeneficial 
which may be presented to them in a state of solution. 

The object of nature, indeed, seems to be to guard the 
plant against the more common and usual dangers only — 
not against such as rarely present themselves in the situa- 
tions in which it is destined to grow, or against substances 
which are unlikely even to demand admission into its roots. 
How useless a waste of skill, if I may so speak, would it 
have been to endow the roots of each plant with the power 
of distinguishing and rejecting opium and arsenic and the 
thousand other poisonous substances which the physiologist 
can present to them, but which in a state of nliture— on its 
natural soil and in its natural climate— 4he living vegetable 
is never destined to encounter ! 

V. Another function of the roots of plants, in regard to 
which physiologists are divided in opinion at the present 
day, is what is called their excretory power. 

1°. When barley or other grain is caused to germinate in 
pure chalk, acetate of limef is uniformly found to be mixed 
with it after the germination is somewhat advanced (Becque- 
rel and Mateucci.):|: In this case the acetic acid must have 
been given off (excreted) by the young roots during the ger- 
mination of the seed. 

This fact ,may be considered as the foundation of the ex<^ 
cretory theory as it is eidled. This theory, supported by the 
high authority of DecsaidoUe, and illustrated by the appa- 

♦ This conclusion is not strictl^r contained in the premises above 
stated, but the facts from which it is drawn will be fully explained in 
treating of the inorganic constituents of plants. It is introduced here 
for the purpose of giving a complete view of what appears to be the 
true powers of discrimination possessed by the root 

t Acetate of lime ip a combination of acetic add or vinegar with lime 
derived from the chalk. 

} Arm* de Chim. et de Pkys, Iv. p. 310. 
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rently cbnvinciiig experiments of Macaire,* has more re- 
cently been met by counter experiments of Braconnot^f and 
is now in a great measure rejected by many eminent vege* 
taUe pbysi<jegiftts. It may indeed be considered as quite 
certain that the application of this theory by Decandolle 
and others to the explanation of the benefits arising from a 
rotation of crops, is not confirmed, or proved to be correct, 
by any experiments on the subject that have hidierto been 
published.:|: 

♦ Arm. de Chim. et de Pkys. lii. p. 225. 

+ Ibid^ lixii. p. 27. 

X The discordant results of Macaire and Braconnot were as follow : 

1°. Macaire observed that when plants of ChondriUa Muralis were 
grown in rain water they imparted to it something of the smell and taste 
of opium. Braconnot confirmed this, but attributed it to wounds in the 
roots which allowed the proper juice of the plant to escape. He aaya it 
is almost impossible to free the youn^ roots from the soil in which they 
havegrown^ without injuring them fiind causing the sap to exude. 

2°. Euphorbia Pephis (Petty Spurge) imparted to the water in which 
it grew a gummi-resinous subst£ince of a very acrid taste. In the hands 
of Braconnot it yielded to the water scarcely any organic matter, and 
that only slightly bitterish. 

3^. Braconnot washed the soil in which plants o( Euphorbia Breom 
and Asdepias Incamata were growing in pots, and obtained a solution 
containing earthy and alkaline salts with only a trace of organic matter. 

He also Washed the soil in which Uie Poppy (Papaver Sonmiferum) 
had been s;rown tenyesirs successively. 'The solution, besides inorp^nic 
earthy and alkaline salts, gave a considerable quantity of acetic acid (in 
the form pf acetate of lime) and a trace of brown organic matter. He 
infers that these several plants do not excrete any organic matter in 
sufficient quantity to be injurious to themselves. 

4*^. Macaire observed that when separate portions of the roots of the 
same plant oi Myrawrialis Annuavftxt immersed in separate vessels, the 
one containing pure water and the other a solutioii of acetate of lead, — 
\h& solution of lead was absorbed by the plant— was to be traced in every 
part of it, and aflerwards was partially transmitted to the pure water. 
Braconnot observed the same resulte, but he found the entrance of 
the leeul into the second vessel to be owing to the ascent of the fluid up 
the outer surface of the one root and down the exterior of the other, and 
that, by preventing the possibility of this passage, no lead could be de- 
tected among the pure water. 

The conclusions of Macaire, therefore, in fav-our of the rotation ' 
theory of Decandolle must be considered as at present inadmissible, and 
we shall hereafter see reason to coincide, at least to a certain extent, in 
the conclusion of Braconnot, " that if these excretions (of organic mat- 
ter) really take place in the natural state of the plant, they are as yet so 
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According to DecandoUe, plants, like animals^ have the 
power of selecting from their food, as it passes through their 
vascular system, such portions as are likely to nourish them, 
and of rejecting, by their roots, when the sap descends, such 
as are unfit to contribute to their support, or would be hurt- 
ful to them if not rejected from their system. He further 
supposes that, after a time, the soil in which a certain kind 
of plant grows becomes so loaded with this rejected matter, 
that the same plant refuses any longer to flourish in it. 
And, thirdly, that though injurious to the plant from which 
it has been derived, th^ rejected matter may be whc^some 
food to plants of a diflerent order, and hence the advantage 
to be derived from a rotation of crops. 

There seems no good reason to doubt that the roots of 
plants do at times — ^it may be constantly — ^reject organic 
substances from their roots. The acetic acid given ofi* du« 
ring germination, and the same acid found by firaconnot in 
remarkable quantity in the soU in which the poppy {^papacer 
somniferum) has grown — ^may be regarded as sufficient evi- 
dence of the fact — ^but the quantity of such organic matter 
hitherto detected among what may be safely viewed as the 
real excretions of plants, seems by far too small to account 
for the remarkable natural results attendant upon a rotation 
of crops. 

The coundoration of these results, as well as of the ge- 

obscure and so little known as to justify the presmi^ption that some other 
e3q)lanation must be given of the general system of rotation." Va- 
rious illustrations have been given by different observers of this sup> 
posed excreting power of the roots. Among the most recent are those 
of NietneTy who ascribes the luxuriant rye crops obtained without ma- 
nure after three years of clover, to the excretions of this plant in the soil, 
which, like those of the pea and bean to the wheat, he supposes 
to be nourishing food to the rye. He also states that the beet or the turnip 
after tobacco has an unpleasant taste, and is scarcely eatable^ which he 
attributes to the excretions of the tobacco plant. Meyen ascnbes the e£> 
feet of the clover to the green manure supplied by its roots and stub- 
ble, and that of the tobacco to the undecomposed organic substances con- 
.tained in the sap and substance of the roots and stems of this plant, of 
which so large a quantity is left behind in the field.* These objections 
of Meyen are not without their weight, but we shall hereafter see that 
they embody only half the troth. 

[Meyen's JakresbericJU^ 1839, p. 5.] 



Digitized by LjOOQIC 



EXPERIMENTS OF DE SAUSSUBB. 117 

neral theory ef such a rotation, will form a distinct topic of 
consideration in a subsequent part of these lectures. I shall, 
therefore, op\y mention one or two facts which seem to me 
capable of explanation only on the supposition that the roots 
of plants are endowed with the power of rejecting, and that 
they do constantly reject, when the sap returns from the 
leaf, some of the substances which they had previously 
taken up from the soil. 

1^. De Saussure made numerous experiments on the 
quantity of ash per cent, left by the same plant at different 
periods of its growth. Among other results obtained by 
him, it appeared — 

A. That the quantity of incombustible or inorganic mat- 
ter in the different parts of the plant was different at differ* 
ent periods of the year. Thus the dry leaves of the horse 
chesnut, gathered in May, left 7*2 per cent., towards the 
end of July 8*4 per cent., and in the end of September 8*6 
per^^cent. of ash ;^ the^lry leaves of the hazel in June left 
6*2, and in September 7 per cent. ; and those of the poplar 
(jpopidus nigra) in May 6*6, and in September 9*3 per cent, 
of ash. These results are easily explained on the supposi- 
tion that the roots continued to absorb and send up to the 
leaves during the whole summer the saline and earthy sub- 
stances of which the ash consisted. But — 

B. He observed also that the quantity of the inorjganic 
substances in — or the ash left by — the entire plant, dimin- 
ished as it approached to maturity. Thus the dry plants of 
the vetch, of the golden rod {sclidago vulgaris)^ of uie turn- 
sol (hdianthus annuus), and of wheat, left respectively of 
ash, at three different periods of their growth* — 

Before floweiiof . In flower. Seedi rip«, 

percent, percent, percent* 

Vetch 15 12-2 6-6 

Golden rod .... 9*2 67 5-0 

Turasol . . . . , 14-7 137 93 . 

Wheat ..... 7-9 54 33 

This diminution in the proportion of ash, might arise 
either from an increase in the absolute quantity of vegeta- 
ble matter in the plants accompanying their increase in 

* Dayy^s AgricuUmrcd Chemistry^ Lecture III. 
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size — or from a portion of the saline and ^rthy matters 
they contained being again rejecited by the roots* But if 
the former be the true explanation, the reltOive pfoporiions 
of the several substances of which the ash itself consisted, 
in 4he several cases, should have been the same at the seve- 
ral periods when the experiments were made. But this was 
by no means the case. Thus, to refer only to the quantity 
of silica contained in the ash left by each of the above 
plants at the several stages of their growth, the ashes of the 

Befinre flowering. In flower. Siseds ripe. 

percent. per cent, per cent. 

Vetch contained ... 15 1*5 1*75 

Golden rod .... 15 1-5 3*5 

Tumsol .... 1-5 1-5 375 

Wheat 12-5 26-0 51-0 

If, then, the proportion of silica in the ash increased In 
some cases four-fold, while the whole quantity of ash left 
by the plant decreased, it appec^rs evident that some part of 
that which existed in the plant during the earlier periods of 
its growth must have been excreted or rejected by the roots, 
as it advanced towards maturity. 

2®. This conclusion is confirmed and carried farther by 
another consideration. The quantity of ash left by the ripe 
wheat plant, in the above experiments of De Saussure, 
amounted to 3*3 per cent. ;— of which ash, 51 per cent., or 
rather more than one-half, was "silica. This silica, it is be- 
lieved, could only have entered into the circulation of the 
plant in a state of solution ii^ water, and could only be disu 
solved by the agency of potash or soda. But according to 
Sprengel, the potash, soda, and silica, are to each other in 
the grain and straw of wheat, in the proportions of — 

Potash. Soda. Silica. 

Grain 0-225 0-24 0-4 

Straw ..... 0-20 029 2*87 

Or, supposing the grain to equal one-half the weight of 
the straw — their relative proportions in the whole plant will 
be nearly as 21 potash, 27 soda, 205 siUca, or the weight of 
the silica is upwards of four times the weights of the potash 
and soda taken together. 

Now silica requires nearly half its weight of potash to 
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render it soluble in water,* or three-fifths of its weight of a 
mixture of nearly equal parts of potash and soda. The 
quantity of these alkaline substances found in the plant, 
therefore, is by no means sufficient to have dissolved and 
brought into its circulation the whole of the silica it con- 
tains. One of two things, therefore, must have taken place. 
£ither a portion of the potash and soda present in the plant 
in the earlier stages of its growth must have escaped from 
its roots at a later stage,f leaving the silica behind it— or 
the same quantity of alkali must have circulated through 
the plant several times — ^bringing in its burden of silica, de- 
positing4t in the vascular system of the plant, and again re- 
turning to the soil for a fresh supply. In either case the 
roots must have allowed it egress as well as ingress. But 
the fact, that the proportion of silica in the plant goes on in- 
creasing as it continues to grow, is in favour of the latter 
view — and renders it very probable that the same quantity 
of alkali returns again and again into the circulation, bring- 
ing with it supplies of silica and probably of other substances 
which the plant requires from the soil. And while this 
view appears to be the more probable, it also presents an in- 
. teresting illustration of what may probably be the kind of 
function discharged by the potash and other inorganic sub- 
stances found in the substance of plants — a question we 
shall hereafter have occasion to consider at some length. 

The above considerations, therefore, to which I might add 
others of a similar kind, satisfy me that the roots of plants 
do possess the power of excreting various substances which 
are held in solution by the sap on its return from the stem 
— ^nd which having performed their functions in the interior 

♦ A soluble glass may be made by melting together in a crucible for 
six hours 10 parts of carbonate of potash, 15 of silica, and 1 of charcoal 
powder. 

t De Saussure does not state the exact relative quantities of potash 
and soda at the several periods of the growth of wheat, though they ap- 
pear to have gradually diminished. It seems, indeed, to be true of many 
plants, that the potash and soda they contain dinainishes in quantity as 
their age increases. Thus the weight of potash in the juice of the ripe 
or sweet grape, is said to be less than in the unripe or sour grape — and 
the leaves ot the potatoe have been found more rich in potash before 
than after blossoming (Liebig). 
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of the plant are no longer fitted, in their existing condition, 
to minister to its sustenance or growth. Nor is it likely 
that this excretory power is restricted solely to the emission 
of inorganic substances. Other soluble matters of organic 
origin are, no doubt, permitted to escape into the soil — 
though whether of such a kind as must necessarily be in- 
jurious to the plant from which they have been extruded, or 
to such a degree as alone to render a rotation of crops ne- 
cessary, neither reasoning nor experiment has hitherto sat- 
isfactorily shown. 

VI. The roots have the power of absorbing, and in some 
measure of selecting, food from the soil— can they also 
modify or alter it as it passes through them ? A colourless 
sap is observed to ascend through the roots. From the 
very extremity up to the foot of the stem a cross section 
exlubits little trace of colouring matter, even when the soil 
contains animal and vegetable substances which are solu- 
ble, and which give dark coloured solutions.* Does such 
matter never enter the root ? If it does, it must be speedily 
chiinged or transformed into new compounds. 

We have as yet too few experiments upon this subject 
to enable us to decide with any degree of certainty in re- 
gard to this function of the root. It is probable, however, 
that as the sap passes through the plant, it is constantly, 
though gradually, undergoing a series of ohanges, from the 
time when it first enters the root till it again reaches it on 
its return, from the leaf. 

Can we conceive the existence of any powers in the root, 
or in the whole plant, of a still more refined kind 1 The 
germinating. se^d gives off acetic acid into the soil, — does 
this acetic acid dissolve lime from the soil and return with 
it again, as some suppose, (Liebig), into the circulation of 
the plant ?f Is acetic acid produced and excreted by the 

* Such as the liquid manure of the fold-yard. 

t Braconnot found acetate of lime in very small quantities to be sin- 
gularly hurtful to vegetation, and acetate of magnesia a little less so. 
He only mentions, however, some exf)eriments upon mercurialis an- 
nua* and as Saussure found that some plants actually refused to take 
it up at all, these acetates may not be equally injurious to all plants. 
[* Ann. de Chim. et de Phys. Ixiii. p. 36.] 
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seed for this very refined purpose? We have concluded 
that in the wheat plant the potash and soda probably ^o and 
come several times during its growth, and the ripening of 
its seed. Is this a contrivance of nature to make up for the 
scarcity of alkaline suhstances in the soil— or would the 
same mode of operation be employed if potash and soda 
were present in greater abundance t Or where the alkalies 
are present in 'greater abundance, might not more work be 
* done by them in the same time, — might not the plant be 
built up the faster and the larger, when there Were more 
hands, so to speak, to do the work ? Is the action of inor- 
ganic substances upon vegetation to be explained by the 
existence of a power resident in the roots or other parts of 
plants, by which such operations as this are directed or su- 
perintended ? There are many mysteries connected with 
the nature and phenomena of vegetable Ufe, which we have 
been unable as yet to induce nature to reveal to us.* But 
the morning light is already kindling on the tops of the 
mountains, and we may hope that the deepest vallies will 
not fwever remain obscure. 

§ 3. The course of the sap. 

If the trunk of a tree be cut ofi* above the roots, and the 
lower extremity be immediately plunged into a solution of 
madder or other colouring substance, the coloured liquid 
will ascend and will gradually tinge the wood. This ascent 

* The roots of trees will travel to comparatiyely great distances, and 
in various directions in search of water: the roots of Sainfoin {Espar- 
sette) will penetrate 10 or 12 feet through the calccureous rubbly subsoil, 
or down the fissures of limestone rocks on which they delight to grow. 
Is this the result of some p^ceptive power in the plant — or is it merely 
by acddenl that, the roots display these tendencies 1 

Those who are in any degree acquainted with the speculations of the 
German physiolo^ts of the greatest name — ^in regard to the soul and 
even the immartahty of plants — ^will not accuse me of going iMfy far in 
alluding to the possible existence of some such perceptive power in 
plants. Von Martins gets rid of objectors by speakmg of them as 
" scientific men to whom the power of comprehending the transcendental has 
been irnjpajied in a lower degree." — See Meyen's Jahresbericht, 1839, or 
StUimamfS American Jowmcufor January^ 1841, p. 170. 

11 
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will continue till the colour can also be observed in the 
nerves of the leaf. If at this stage in the experiment the 
trunk be cut across at various heights, the wood alone will 
appear coloured, the bark remaining entirely untinged. 
But if the process be allowed still to continue when the 
colouring matter has reached the leaf, and after some fur- 
ther time the stem be cut across, the bark also will appear 
dyed, and the tinge will be perceptible further and further 
from the leaf the longer the experiment is carried on, till at • 
length both bark and wood will be coloured to the very 
bottom of the stem. 

Or if the root of a living plant, as in the experiment of 
Macaire detailed in a preceding note, be immersed in a me- 
taUic solution — such as a solution of acetate of lead, — which 
it is capable of absorbing without immediate injury, and dif- 
ferent portions of the plant be examined after the lapse of 
different periods of time, — ^first the stem, afterwards the 
leaves, then the bark of the upper part of the stem, and 
lastly that of the lower part of the stem, will exhibit traces 
of lead, 

These experiments shew that the sap which enters by the 
roots ascends through the vessels of the wood, diffuses itself 
over the surface of the leaves, and then descends by the 
bark to the extremities of the root. 

But what becomes of the sap when it reaches the root ? 
Is it delivered into the soil, or does it recommence the same 
course, and again, repeatedly perhaps, circulate through the 
stem, leaves, and bark ? This question has been partly an- 
swered by what has been stated in the preceding section. 
When the sap reaches the extremity of the root, it appears 
to give off* to the soil both solid and fluid substances of a 
kind and to an amount which probably differ with every 
species of plant. The remainder of the sap and of the sub- 
stances it holds in solution must be diffused through the 
cellular spongy terminations of the roots, and, with the new 
supply of liquid imbibed from the soil, returned again to the 
stem with the ascending current. 

But what causes the sap thus to ascend and descend ? 
By what power is it first sucked up through the roots, and 



Digitized by VjOOglC 



CAPILLABT ATTRACnOir. 128 

afterwards forced down again from the leaves? Several 
answers have been given to this question. 

1**. When the end of a wide tube, either of metal or of 
glass, is plunged into water, the liquid will rise within the 
tube sensibly to the same level as that at which it stands in 
the vessel. But if a capillary* tube be employed instead of 
one with a wide bore, the liquid will rise, and will perma^ 
nently remain at a considerably higher level within than 
' without the tube. The cause of this rise has been ascribed 
to an attraction which the sides of the tube have for the 
liquid, and which is sufficiently strong to raise it and to 
keep it up above the proper level of the water. The force 
itself is generally distinguished by the name of capillary 
attraction. 

Now, the wood of a tree, as we have seen, is composed of 
a mass of fine tubes, and through these the sap has been 
said to rise by capillary attraction. But if the top of a vine 
^ be cut off when it is juicy and full of sap, the liquid will 
exude from the newly formed surface, and if the air be ex- 
cluded, will flow for a length of time, and may be collected 
in considerable quantity.f Such a flow of the sap is not to 
be accounted for by mere capiUary attraction — ^the sides of 
tubes cannot draw up a fluid beyond their own extremities* 

2°. To supply the defect of this hypothesis, De Saussure 
supposed that the fluid at first introduced by capillary at- 
traction into the extremities of the root, was silerwards pro- 
pelled upwards by the alternate contraction and expansion 
of the tiU>es of which the wood of the root and stem is com* 
posed. This alternate contraction and expansion he also 
supposed to be caused by a peculiar irritaHng property of 
the sap itself, which caused each successive part of the tube 
into which it found admission to contract for the purpose of 
expelling it. Mr. Knight also ascribed the ascent of the 
sap to a similar contraction of certain other parts of the 

* Glass tubes perfoimted by a very fine bore, like a human hair, are 
called capiUary tubes. Sucn are those of which theimometers aif 
usually made. 

t Lindley*s Theory of HorticuUure, p. 47 (note). 
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stem. Being once raised, he supposed it to return agaip 
or descend by its own weight — ^but in drooping branches it 
is obvious that the sap must be actually driven or drawp 
upwards from the leaves on its return to the root. These 
explanations, therefore, are still unsatisfactory. 

3°. If one end of an open glass tube be covered with a 
piece of moistened bladder or other fine animal membrane, 
tied tightly over it, and a strong solution of sugar in water 
he then poured into the open end of the tube, so as to" cover • 
the membrane to the depth of several inches, and if the 
closed end be then introduced to the depth of an inch be* 
low the surface of a vessel of pure water, the water will 
after a short time pass through the bladder inwards, and 
the column of liquid in the tube will increase in height* ^ 
This ascent will continue, till in favourable circumstances j 
the fluid will reach the height of several feet, and will flow > 
out or run over at the open end of the tube. At the same 
time the water in the vessel will become sweet, indicating 
that while so much liquid has passed through the mem* 
brane inwards, a quantity has also passed outwards, carry* 
ing sugar along with it.**" To these opposite eflects DtAro* 
chetf who first drew attention to the fact, gave the names 
of EndosmosCy denoting the inward progress, and Exosmose^ 
the outward progress of the fluid. He supposed them to be 
due. to the action of two opposite currents of dectri<^ty, and - 
be likens the phenomena observed during the circulation . ^ 
of the sap in plants, to the appearances presented during 
the above experiment. 

*^ Instead of suj^, common salt, gum, or other soluble substances 
may be dissolved m the water introduced at first mto the tube, and tho 
denser this solution the larger the quantity of water which will enter by 
the membrane, and the greater tne height to which the column wiu 
lise. It ceases in all cases to liae only when the portions of liquid 
within and without the membrane attain nearly to. the same density.* 
Instead of pure water the vessel into which the extremitr of the tube is 
plunged may also contain a weak solution of some soluble substance 
--HBUch as lime or soda — ^in which case, while the sugar, or salt, or gum, 
will pass outwards, in smaller quantity, the lime or soda will pass in- 
wards, along with the currents of water in which they are sererally 
dissolTed. 

[* Contain nearly the same weight of solid matter in solution.} 
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Without discussing the degree of probability which exists 
as to the influence of electricity in producing the pheno- 
mena of endosmose and exosmose, it must be admitted 
that the appearances themselves bear a strong resemblance 
to those presented in the absorption and excretion of fluids 
by the roots of plants — and point very distinctly to at leajst 
a kindred cause. 

Thus, if the spongy termination of the root represent the 
thin porous membrane in the above experiment — ^the sap 
with which the tubes of the wood are filled, the artificial 
solution introduced into the experimental tube — and the 
water in the soil, the water or aqueous solution into which 
the closed extremity of the tube is introduced, — we have a 

' series of conditions precisely similar to those in the exper- 
iment. Fluids ought, consequently, to enter from the soil 
into the roots, and thence to ascend into the stem, as in na- 
ture they appear to do. 

This ascent, we have said, will continue till the fluid in 
the tubes of the wood (the sap) is reduced to a density as 
low as that of the liquid entering the roots from the sml. 
But in a growing tree, clothed with foliage, this wiU never 
happen. The leaves are continually exhaling aqueous va- 
pour, as one of their constant functions, and sometimes in 

; very large quantity. The sap, therefore, when it reaches 
the leaves, is concentrated or thickened, and rendered more 
dense by the separation of the water, so that when it des- 
cends to the root, and again begins its upward course, it 
will admit of large dilution before its density can be so far 
diminished as to approach that of the comparatively pure 
water which is absorbed from the soil. And this illustra- 
tion of the ascent of the sap appears the more correct from 
the obvious purpose it points out — (in addition to others 
long recognised) — aa served by the evaporation which is 
constantly taking place from the surface of the leaf. 

Still the cause of the ascent of the sap is not the more 
clear that we can imitate it in some measure by an artifi- 
cial experiment. But it will be conceded by the strictest 
reasoners on physical phenomena, that to have obtained the 
command, or even a partial control, over a natural power, 
is a considerable step towards a clear conception of the na- 
11* 
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ture of that power itiSelf. If the phenomena of endosniljse 
can hereafter be clearly and indubitably traced to the 
agency of electricity, we shall have advanced still another 
gtep, and shall be enabled to devise other means by which 
a more perfect imitatipip of nature may be effected, or a 
more complete control asserted over the phenomena of 
vegetable circulation. 

§ 4. Functions of the stem. 

The functions of the stem are probably as various as those 
of the root, though the circumstances under which they are 
performed necessarily involve these functions in considera- 
ble obscurity. 

The pith which forms the central part of the stem consists, as 
I have already stated, of tubes disposed hdrizontally . When 
a coloured fluid is permitted to enter the lower part of the 
stem in the experiments above described, the pith remains 
untinctured in the centre of the coloured wood. It does not, 
tiierefore, serve for the conveyance of the sap. Nor does it 
seem to be vitally necessary to the health dnd growth of the 
idant, since Mr. Knight has shewn that, from the interior 
<tf many trees, it may be removed without apparent injury, 
Aind in nature, as trees advance in age, it gradually dimin- 
ishes in bulk, and in aome species becomes apparently ob- 
literated. 

The vessels of the wood, which surrounds the pith, per- 
form probably both a mechanical and a chemical function. 
They serve to convey upwards to the leaf the various sub- 
•tanees which enter by the roots. This is their mechanical 
fonction. But during its progress upwards, the sap appears 
to undergo a series of changes. When it reaches the leaves 
it is no longer in the state in which it ascended from the 
root into the stem. The difficulty of extracting the sap 
from the wood, at different heights, has prevented very ri- 
gorous experiments from being made on its nature and con- 
tents at the several stages of its ascent. These it is obvious 
must vary with the species and age of the plant, and with 
the season of the year at which the experiment is made. 
But the general result to be drawn from such observations 
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as have hitherto been made, is, that those substances which 
enter directly into the root, when mingled with such as have 
already passed through the circulation of the plant, under- 
go, during their ascent, a gradual preparation- for that state 
in which they become fit to minister to the growth of the 
plant. This preparation is completed in a great. measure in 
the leaf, though further changes still go on as the sap de- 
scends through the bark. This deduction is strengthened 
by the fact that gaseous substances of various kinds and in 
varying quantities exist in the interior of the wood of the 
growing plant. These gaseous substances, according to 
Boucherie, are in some cases equal in bulk to one-twentieth 
part of the entire trunk of the tree in which they exist* 
They probably move upwards along with the sap, and are 
more or less completely discharged into the atmosphere 
through the pores of the leaves. That these gaseous sub- 
stances not only differ in quantity, but in kind also, with 
the age and species of the tree, and with the season of the 
year, may, I think, be considered as almost amounting to a 
proof that they have not been inhaled directly by the roots, 
but are the result of chemical decompositions which have 
taken place on the stem itself, as the sap mounted upwards 
towards^he leaves. 

We have seen that the roots exercise a kind of discrimi- 
nating power in admitting to the circulation of the plant the 
various substances which are present in the soil. The ves- 
sels of the stem exhibit an analogous power of admitting or 
rejecting the solutions of different substances into which they 
may be immersed. Thus Boucherie states that, when the 
trunks of sevei^l trees of the same species are cut off above 
the roots, and the lower extremities immediately plunged 
into solutions of different substances, some of these solutions 
will quickly ascend into and penetrate the entire substance 
of the tree immersed in them, while others will not be ad- 
mitted at all, or with extreme slowness only, by the vessels 
of the stems to which they are respectively presented. On 
the other hand, that which is rejected by one ^>ecies will be 
readily admitted by another. Whether this partial step- 
page of, or total refusal to admit, certain substances, be a 
mere contractile effort on the part of the vessels, or be the 
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result of a chemical change by which their exclusion is ef- 
fected or resisted, does not as yet clearly appear. That it 
does not depend upon the lightness and porosity of the wood, 
as might be supposed, id shewn by the observation that the 
poplar is less easily penetrated in this way than the beech, 
and the willow than the pear tree, the maple, or the plane. 

[These various functions of the woody part of the stem are 
performed chiefly by the newer wood or cdbumum^ or, as it 
is often called, the sap wood of the tree. As the heart wood 
becomes older, the tubes of which it consists are either 
gradually stopped up by the deposition of solid substances 
which have entered by the roots, or by the formation of 
chemical compounds, which, like concretions in . the bodies 
of animals, slowly increase in size till the vessels become 
entirely closed— or thev are by degrees compressed laterally 
by the growth of wood around them, so as to become inca- 
pable of transmitting the ascending fluids. Perhaps the 
result is in most cases due in part to both these causes. 
This more or less perfect stoppage of the oldest vessels is 
one reason why the course of the sap is chiefly directed 
through the hewer tubes.'*' 

The functions of the bark, which fbrms the exterior por- 
tion of the stem, will be more advantageously described, 
after we shall have considered the purposes served by the 



§ 5. Functions of the leaves, 

^ The vessels of which the sap wood is compojsed extend 
upwards into the fibres of the leaf. Through these vessels j. 
the sap ascends, and from their extremities difluses itself over V 
the surface of the leaf. Here it undergoes important che- 
mical changes, the extent, if not the exact nature, of which 

* As the newest roots are prolongations of the newest wood, it may 
be supposed that the fact of these roots being the chief absorbents from 
the smi, is a sufficient reason why that which is absorbed by them 
should also pass up through the wood with which they are most closely 
connected. But that the pores of the heart wood are really in^pable of 
transmitting fluids, is shewn by plunging the newlv cut stem of a tree 
into a coloured solution, — ^the newer wood will be dyed, while more or 
less of the central portion will remain unchanged. 
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will appear from a short description of the functions which 
the leaves are known or are believed to discharge. 

1^; When the roots of a Uving plant are immersed in 
water, it is a matter of familiar observation that the water 
gradually diminishes in bulk, and will at length entirely dis^ 
appear, even when evaporation into the air is entirely pre- 
vented. The water which thus disappears is taken up by 
the roots of the plant, is carried up to the leaves, is there 
spread out over a large surface exposed to the sun and to 
the air, and in the form of vapour escapes in considerable 
proportion through the pores of the leaves and diffuses itself 
through the atmosphere. 

The quantity of water which thus escapes from the sur- 
face of the leaves varies with the moisture of the soil, with 
the spiecies of plant, with the temperature and moisture of 
the air, and with the season of the year. According to the 
experiments of Hales, it is also dependent on the presence 
of the sun, and is scarcely perceptible during the night. He 
found that a sun-flower, ^ feet high, lost from its leaves 
during 12 hours of one day 30, and of another day 20 ounces 
of water, while during a warm night, without dew, it lost 
only three ounces, and in a dewy night underwent no dimi- 
Dution in weight.* 

* When the escape of rapour from the leaves is more rapid than tha 
supply of water from the roots, the leaves (ht>op, dry, and wither. Such 
is sometimes the case with ^wing crops in very hot weather, and it 
always happens when a twig or flower is plucked and separated from 
the stem or root. When thus separated the leaves still continue to giye 
off watery vapour into the air, and consequently the sap ascends from 
Uie twig or stalk to supply the place of the water thus euialed. 

But as the sap ascends it must leave the vessels empty of fluid, and 
air must rush in to fill the empty space. This will continue till neariy 
all the fluid has risen from the stem into the leaf, and the vessels of the 
wood are full of air. But if the stem of the twig or .flower be placed in 
water, this liquid will rise into it, air will be ezduded, and the freshnesa 
and bloom of the leaves and flowers will be longer preserved. If the water 
into which they are introduced contain any substances in solution, these 
will rise along with the water, and will gradually make their way through 
all the vessels of the wood, till they can be detected in the leaves. By 
this means even lam trees may in a short time be saturated with saline 
solutions, capable en preserving them from decay. It is only pecessary 
to cut down or saw tnrough the tree and insert its lower extremity into 
the prepared solution, when the action of Uie sun and air upon the leavev 
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This I9SS of watery vapour by the leaf is ascribed to two 
different kinds of action. First, to a natural perspiration 
from the pores of the leaf, similar to the insensible perspira- 
tion which is continually proceeding from the skins of 
healthy animals ; and second, to a mechanical evaporation 
like that which gradually takes place from the surface of 
moist bodies when exposed to hot or dry air. The relative 
amount of loss due to each of these two modes of action re- 
spectively, must differ very much in different species of 
plants, being dependent in a great measure on the special 
structure of the leaf. In all cases, Jiowever, the natural 
perspiration is beUeved very greatly to exceed the mere me- 
chanical evaporation — though the results of Hales, and of 
other experimenters, shew that both processes proceed with 
the greatest rapidity under the influence of a warm dry at- 
mosphere, aided by the direct rays of the Sun. 

Among the several purposes served by tins escape of wa- 
tery vapour from the surface of the leaf, it is of importance 
for us to notice the direct chemical influence it exercises 
over the growth of the plant. As the water disappears from 
the leaf, the roots must absorb from the soil at least an equal 
supply. This water brings with it the soluUe sulxstances, 
organic and inorganic, which the soil contains, and thus in 
proportion to the activity with which the leaves lose their 
watery vapour, will be the quantity of those substances 
which enter from the soil into the general circulation of the 
plant. This enables us to understand how substances, very 
sparingly soluble in water, should yet be found in the inte- 

will cause it spontaneously to ascend. Thus corrosive stdfUmate (the 
subject of Kyan's Patent) may be injected with ease, or pyrolignUe^f 
iroUf (iron dissolved in wood vinegar,) which Boucherie recommends as 
equally efficient and much more economical.* The process is finished 
when the liquid is found to have risen to the leaf. Coloured solutions 
may in the same way be injected and the wood tinged to any required 
shade. One of the chief benefits attendant upon the cutting of wood ill 
the winter, appears to be that the absence of leaves prevents the exhaus- 
tion of the sap and the ascent of air into the ressels of the wood — the 
osy^n of this air tending to induce decay. But the sap may be retain- 
ed, and the air excluded almost as effectually, at any other season of the 
year, by stripping the tree of its leaves and brandies ti few days before 
U is cut down. 

[• Ann. de Chim, et de Phys, Ixxiv. p. 113.] 
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rior of plants, and in very considerable quantity, at almost 
every stage of their growth. 

2°. Besides watery vapour, however, the leaves of nearly 
all plants exhale at the same time other volatile compounds 
in greater or less abundance. In the petals of flowers we 
are familiar with such exhalations-M)ften of an agreeable 
and odoriferous character. In the case of plants and trees 
also which emit a sensible odour, we readily recognise the 
fact of volatile substances being given off by the leaves. 
But even when the sense of smell gives us no indication of 
their emission from a single leaf or a single plant, the in- 
troduction of a number of such inodorous plants into the 
confined atmosphere of a small room after a time satisfies 
us that even they part with some volatile matter from 
their leaves, which maizes itself perceptible to our imperfect 
organs only when in a concentrated state. The probability 
therefore is, that the leaves of all plants emit, along with 
the watery vapour which they evolve, certain other volatile 
substances also, though often in quantities so minute as to 
escape detection b^ our unaided senses. By the emission 
of these substances the plant probab](y relieves itself of what 
would prove injurious if retained, though of the chemical 
nature and composition of these Exhalations little or nothing 
has as yet been ascertained. 

3°. If the branch of a living plant be so bent that some 
of its leaves can be introduced beneath the edge of an in- 
verted tumbler full of water, and if the leaves be then ex- 
posed to the rays of the sun, bubbles of gas will be seen to 
form on the leaf, and gradually to rise through the water 
and collect in the bottom of the tumbler. If this gas be 
examined it will be found to be pure oxygen. 

If the water contain carbonic acid gas, or if during the 
experiment a little carbonic acid be introduced, thjs gas will 
be found gradually to disappear, )¥hile tke oxygen wiU con- 
tinue to accumulate. 

Or if the experiment be made by introducing a living 
plant into a large bell glass full of common atmospheric air, 
allowing it to grow there for 12 hours in the sunshine, and 
then examining or analysing the air contained in the glass, 
the result will be of a precisely similar kind. The per 
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centage of oxygen in the air will have increased.* And if 
the experiment be varied by the introduction of a small 
quantity of carbonic acid gas into the jar, this gas will be 
found as before to diminish in quantity, while the oxygen 
increases. The conclusion drawn from these experiments, 
therefore, is, that the leaves of plants, when exposed to the 
rays of the sun, absorb carbonic acid from the air and give 
of pure oxygen gas. 

It has been already stated that the proportion of car- 
bonic acid present in the atmosphere is exceedingly small,f 
but if for the purpose of experiment we increase this pro- 
portion in^a gallon of air to five or ten per cent., introduce 
a living plant into it, and expose it to the sunshine, the car- 
bonic acid will gradually disappear as before, while the oxy- 
gen will increase^ And if we analyse the air and estimate 
the exact bulk of each of these gases present in it at the 
close of our experiment, we shall find that the oxygen has 
increased generally by as much as the carbonic acid has cki- 
minished. That is to say, if five cubic inches of the latter 
have disappeared, five cubic inched will have been added to 
the bulk of the oxygen. The above general conclusion, 
therefore, is rendered more precise by this experiment, 
which appears to shew that under the injkience of the sun's 
rays the leaves of plants absorb cajrbonic add fiom the air, 
arid at the same time give off av equal bulk of oxygen gas. 

And as carbonic acid (CO^) contains its own btilk of 
oxygen gas:]: combined with a certain known weight of car- 
bon, it is further inferred that the oxygen given off by the 
leaves is the same which has been previously absorbed in 
the form of carbonic acid, and therefore it is usually stated 
as a function of the leaves — ^that in the sunshine they absorb 
carbonic add from the air, pecompose it in the interior of 

* It will be remembered that atmospheric air contains about 21 per 
€ent of oxygen gas. 

t About l-2500th of its bulk. See Lecture II., p. 36. 

t This the reader will recollect is proved by burning charcoal in a 
bottle of oxygen gas till combustion ceases, when nearly the whole of 
the ox3Fgen is converted into carbonic acid, but without (mange of bulk. 
See Lecture IIL, p. 57. 
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the leaf, retain its carbon, and again reject or emit tJie oxygen 
it contained. 

This conclusion presents a very simple view of the rela- 
tions of oxygen and carbonic acid respectively to the living 
leaf in the presence of the sun, and it appears to be fairly 
deduced from the facts above stated. It has occasionally 
been observed, however, that the bulk of oxygen given off 
by the leaf has not been precisely equal to that of the car- 
bonic acid absorbed,* and hence it is also fairly concluded 
that a portion of the oxygen of the carbonic acid which en- 
ters the leaf is retained, and made available in the produc- 
tion of the various substances which are formed in the vas- 
cular system of different plants. On the other hand it is 
stated by Sprengel, that if compounds containing much ox- 
ygen be presented to the roots of plants, and thus introduced 
into the circulation, they are also decomposed, and the oxy- 
gen they contain in part or in whole given off by the leaves, 
so that, under certain circumstances, the bulk of the oxy- 
gen which escapes is actually greater than that of the car- 
bonic acid which is absorbed by the leaves. Such is the 
case, for example, when the roots are moistened with water 
containing carbonic, sulphuric, or nitric acids.f 

It is 6f importance to note these deviations from apparent 
simplicity in the relative bulks of the two gases which are 
respectively given off and absorbed by all living vegetables. 
There are numerous cases of the formation of substances in 
the interior of plants which theory would fail to account for 
with any degree of ease, were these apparent anomalies to 
be neglected. This will more distinctly appear when in a 
subsequent lecture we shall inquire how or by what chemi- 
cal changes the substances which plants contain, or of 
which they consist, are produced from the food which they 
draw from the air and from the soil. 

The most general and probable expression, therefore, for 
the function of the leaf, now under consideration, appears to 
be that in the sunshine the leaves absorb from the air car- 
bonic acid, and at the same timet evolve oxygen gas, the 

* See Persoz Chimin MolecuUdref p. 54. 
t Sprengel Ckemie^ II., p. 344. 
12 



Digitized by VjOOQIC 



134 THEY EMIT CARBONIC ACID DURING THE NIGHT. 

bulk of the latter gas given off being nearly equal to that of 
the former which is taken in — the relative bulks of the two 
gases varying more or less with the species of plant, as well 
as with the circumstances under which it is caused or is 
fitted to grow.* 

4°. Such is the relation of the leaf to the oxygen and 
carbonic acid of the atmosphere in the presence of the sun. 
During the night their action is reversed, they emit carbonic 
acid and absorb oxygen. This is proved by experiments 
similar to those above described. For if the plant which 
has remained under the bell glass for 12 hours in the sun- 
shine — during which time the oxygen has sensibly in- 
creased, and the carbonic acid diminished in bulk — be al- 
lowed to remain in the same air~ through the following night, 
the oxygen will be found to have decreased, while the car- 
bonic acid will be present in larger quantity than in the 
evening of the previous day. 

The carbonic acid thus given off during the night is sup- 
posed to be partly derived from the soil through the roots, 
and partly from the substance of the plant itself. The ox- 
ygen absorbed either combines with the carbon of the plant 
to form a portion of the carbonic acid which is at the same 
time given off, or is employed in producing some of the 
other oxidized'\ compounds that exist in the sap. 

/As a general rule, the quantity of carbonic acid given off 
during the night is far from being equal to that which is 
absorbed during the day. Still it is obvious that a plant 
loses carbon precisely in proportion to the amount of this 
gas given off. Hence, when the days are longest, the plant 
will lose the least, and where the sun is brightest it will gain 
the fastest; since other things being equal,. the decomposi- 
tion of carbonic acid proceeds most rapidly where the sky 
is the clearest, and the rays of the sun most powerful. 
Hence we see why in Northern regions, where spring, sum- 

• As the oxygen mven off by the leaves is always the result of a 
ehemidol decompositioli^by which the carbonic acid or other compound 
is deprived of a portion, at lea^t, of its oxygen or <^-oxidized, this func- 
tion of the leaves iii the presence of the sun is often spoken of as their 
de-oxidising power. 

t Oxidized^-contaixung oxygen in considerable quantity. 
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mer, and autumn are all comprised in one long day — vege- 
tation should proceed with such rapidity. The decomposi- 
tion of the carbonic acid goes c on without intermission, the 
leaves have no night of rest, but nature has kindly provided 
that, where the season of warmth is so fleeting, there should 
be no cessation to the necessary growth of food for man 
and beast. 

This comparison of the functions performed by the leaf, 
during the day and night respectively, explains the chemi- 
cal nature of the blanching of vegetables practised by the 
gardener, as well as the cause of the pale colour of plants 
that grow naturally in the absence of light. 

When exposed to the sun, the leaves of these sickly vege- 
tables evolve oxygen, and gradually become green and 
healthy. Woody matter is formed, and their stems become 
strong and fibrous. 

The light of the sun, in the existing economy of nature, 
is indeed equally necessary to the health of plants and bf 
animals. The former become pale and sickiy, and refuse 
to perform their most important chemical functions when 
excluded from the light. The bloom disappears from the 
human cheek, the body wastes away, and the spirit sinks, 
when the unhappy prisoner is debarred from the sicht of the 
blessed sun. In his system, too, the presence of light is 
necessary to the performance of those chemical functions 
on which the healthy condition of the vital fluids depends. 

The processes by which oxygen and carbonic acid are 
respectively evolved in plants have been likened by physio- 
logists to the respiration and digestion of animals. It is 
supposed that when plants respire they give off carbonic 
acid as animals do, and that when they digest they evolve 
oxygen. Respiration also, it is said, proceeds at all times, 
digestion only in the light of the sun. Though these views 
are confessedly conjectural, they are founded upon striking 
analogies, and may reasonably be entertained as matters of 
opinion. 

6°. Other species of decomposition also, besides that of 
de-oxidization, go on in the leaf, or are there made manifest. 
Thus when plants grow in a soil containing much common 
salt (chloride of sodium) or other chlorides, they have been 
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observed t>y Sprengel and Meyen to evolve, chlorine* gas 
from their leaves. This takes place, however, more during 
the night than during the day. Some plants also give off 
ammonia, (Lecture IV., p. 98,) while others (crucifersB), 
according to Dr. Daubeny,f emit from their leaves pure 
nitrogen gas. ^ 

The evolution of chlorine implies the previous decompo- 
sition of the chlorides, which have been absorbed from the 
soil ; while that of nitrogen may be due to the decomposi- 
tion of ammonia, of nitric acid, or of some other compound 
containing nitrogen, which has entered into the circulation 
by the roots. The exact mode and nature of the decompo- 
sition of these substances, and the purposes served by them 
in the vegetable economy, will come under our considera- 
tion in a subsequent lecture. 

The leaf has been described (p. 107) as an expansion of 
the baric. It consists internally of two layers of veins or 
vascular fibres laid one over the other, the upper connected 
with the wood — ^the lower with the inner bark. It is 
covered on both sides by a thin membrane (epidermis) the 
expfuision of the outer bark. This thin membrane is studded 
with numerous small pores or mouths (stomata) which vary 
in size and in number with the nature of the plant, and 
with the circumstances in which it is intended to grow. It 
is from the pores in the upper part of the leaf that sub- 
stances are supposed to be exhaled, while every thing that 
is inhaled enters by those which are observed in the under 
side of the leaf, j: This opiiiion, however, is not universally 
received, it being admitted by some that the power both pf 
absorlMng and of emitting may be possessed by the under 
surface of the leaf. 

t Chlorine is a gas of a greenish yellow colour, having an unplea- 
sant taste and a sufibcating odour. When it Combines wiui other sub* 
stances it forms chlorides. It exists in, and imparts its smell to, chloride 
of lime^ which is employed for disinfecting purposes, and it forms up- 

I wards ofhalf the weight of common salt. 

\ t T^ee Ledwres on Agriculture, p. 59. 

9 ' X This is illustrated by the action of a cabbage leaf on a wound. If 
the upper side be applied, the sore is protected and quiddy heals, whilo 

^' the under aide draws it and produoes a constant discharge. 
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7°. We have seen that the chief supply of the fluids 
which constitute the sap of plants, is derived from the soil. 
The under side of the leaves of plants is also supposed by 
some to be capable of absorbing moisture from the air, either 
in the form of watery vapour, or when it falls upon the 
leaves in the state of dew. Like the roots also they may 
absorb with the dew any substances the latter happens to 
hold in solution. And thus plants may, in some degree, be 
nourished by the volatile organic substances which ascend 
from the earth during the heat of the day, and which are 
again in a great measure precipitated with the evening 
dew. 

Whether the leaves ever absorb nitrogen gas from the air 
has not as yet been determined with sufficient accuracy. 
If they do, it must in general be in very small quantity on- 
ly, since it has hitherto escaped detection. In like mannei: 
it is doubtful how far they regularly absorb any other sub- 
stances which ^ the air is supposed to contain. Thus it is 
kpown that nitric acid exists in the air in very minute 
<]uantity. Some chemists also believe that ammonia is ex- 
tensively diffused through the atmosphere in an exceeding- 
ly diluted state. Do the leaves of plants abRorb these sub- 
stances ? Is the absorption of them one of the constant and 
necessary functions of the leaves? The reply to these 
questions must be very unc^*tain5 and any principle which 
professes to be based upon such a reply must be regarded 
only as a matter of opinion. 

6°. The petals or flower-leaves perform a somewhat difller- 
ent function from those of the ordinary leaves of a plant. 
They absorb oxygen at all times — though more by day 
than by night — and they constantly emit carbonic acid. 
The bulk of the latter gas evolved, however, is less than 
that of the oxygen taken in. The absorption of oxygen gas, 
^nd the constant production of car boo ic acid, is, in some 
flowers, so great as to cause a perceptible increase of tem- 
perature—and to this slow combustion, so to speak, the pro- 
per heat observed in the flowers of many plants has been 
attributed. 

According to some authors, the flower-leaves also emit 
12* 
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pure nitrogen gas.* This fact has not yet been determined 
by a sufficient number of accurate experiments ; it is in ac» 
cordance, however, with the results of Boussingault that, 
when a plant flowers and approaches to maturity, the nitro- 
gen it contains becomes less. If confirmed, this evolution 
of nitrogen would throw an interesting light on the most ad- 
vantageous employment of green crops, both for the pur- 
poses of manure and for the feeding of cattle. 

9^. When the leaves of a plant begin to decay, either na- 
turally as in the autumn, or from artificial or accidental 
causes, they no longer absorb and decompose carbonic acid, 
even under the influence of the sun's rays. On the con- 
trary, they absorb oxygen, like the petals of the flower, new 
compounds are formed within their substance — ^their green 
colour disappears — they become yellow — they wither, die, 
and drop from the tree — ^their final function, as the organs 
of a living being, is discharged. They then undergo new 
changes, are sulb^ected to a new series of influences, and 
are made to serve new purposes in the econ<»ny of nature. 
These we shall hereafter find to be no less interesting and 
important in reference to a fiirther end, than are the func- 
tions of the living leaf to the growth and nourishment of 
the plant.f 

§ 6. Functions of ike hark. 

The inner bark being connected with the under layer of 
vessels in the leaf, receives from them the sap after it has 
been changed by the action of the air and light, and trans- 
mits it downwards to the root. 

The outer bark,, especially in young twigs ahd in the 
fMks of the grasses, so closely resembles the leaves in its 
appearance, that we can have no difficulty in admitting that 
it must, not unfrequently, perform similar functions. In 
the Cactus, the Stapelia, and other plants which produce 
no true leaves, this outer bark seems to perform all th^ 

* Sprengel Chemie, II. p. 347. 

t See subsequent lecture, "0» the law of ike decay of organic sub^ 
dances," 
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functions which in other vegetable tribes are specially 
assigned to the abundant foliage. During its descent 
through the inner bark, therefore, the sap must in very 
many cases undergo chemical changes, more or less analo- 
gods to those which usually take place in the leaf. 

It is by means of the inner bark that the stems of trees, 
such as our forest and fruit trees, are enlarged by the depo- 
sition of annual layers of new wood. The woody fibre is 
formed or prepared in the leaf, and as the sap descends it is 
deposited beneath the inner surface of the inner bark. It 
thus happens that, as the sap descends, it is grtulually de- 
prived of the substances it held in solution when it left the 
leaf, and in consequence it becomes difficult to say how 
much of the change, which the sap is found to have under- 
gone when it reaches the root, is due to chemical transfor- 
mations produced during its descent, and how much to the 
deposition of the woody fibre and other matters it has part-* 
ed with by the way. 

Afiaong other evidences of such changes really taking 
place during the descent of the sap, I may mention an ob- 
servation of Meyen {Jahresberichty 1839, p. 27), made in the 
course of his experiments on the re-production of the bark 
of trees. In these experiments he enclosed the naked wood 
in strong glass tubes, and in three cases out of eight the 
tubes were burst and shattered in pieces. This could only 
have arisen from the disengagement of gaseous substances, 
the result of decomposition. While, therefore, such gases, 
as enter by the roots or are evolved in the vessels of the wood 
duting the ascent of the sap, escape by the leaf along with 
those which are disengaged in the leaf itself, it is probable 
that those which are produced as the result of changes in 
the bark, descend with the downward sap, and are dis- 
charged by the root.* 

In the bark of the root it is probable that still further 
changes take place — and of a kind which can only be 
effected during the absence of light. This is rendered 

* Sprengel says that the stems, and twigs, and the stalks of the 
erasses, all absorb oxygen and give off caxbonic acid.— '•CAemi^, II, p. 
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probable by the fact that the bark of the root frequently 
contains substances which are not to be met with in any 
other part of the plant. Thus from the bark of the fresh 
root of the apple tree a substance named pMaridzine, pos- 
sessed of considerable medical virtues, may be readily ex- 
tracted, though it does not exist in the bark either of the 
stem or of the branches. 

In fine, as the food which is introduced into the stomachs 
of animals, undergoes continual and successive chemical 
changes during its progress through the entire aUmentary 
canal — so, numerous phenotnena indicate that the sap of 
plants is also subjected to unceasing transformations, — 
in the root and in the stem as well as in the leaves, — at one 
time in the dark, at another under the influence of the sun's 
rays, — exposed when in the leaf to the full action of the air, 
-—and when in the root almost wholly secluded from its 
presence ; — ^the new compounds produced in every instance 
being suited either io the nature of the plant or the wants 
and functions of that part of it in which eaph transforma- 
tion takes place. 

To some of these transformations it will be necessary to 
advert more particularly, when we come to consider the 
special changes by which those substances of which plants 
chiefly consist, are formed out of these compounds on which 
they chiefly live. 

N 

. § 7. Circumstances by which the functions of the various 
farts cf plants are modified. 

Plants grow more or less luxuriantly, and their several 
parts are more or less largely developed, in obedience to 
numerous and varied circumstances. 

I. In regard to the special functions of the root,^ we have 
already seen that the access of atmospheric air is in some 
cases indispensable, while in others, by shooting vertically 
downwards, the roots appear to shun the approach of either 
air or light. It is obvious abo that a certain degree of 
moisture in the soil, and a certain temperature, are neces- 
sary to the most healthy discharge of the functions of the 
root. In hot weather the plant droops, because the roots 
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do not absorb water from the soil with sufficient rapidity. 
And though it is probable that, at every temperature above 
that of absolute freezing, the food contained in the soil is 
absorbed and transmitted more or less slowly to the stem, 
yet it is well known that a genial warmth in the soil stimu- 
lates the roots to increased activity. The practice of gar- 
deners in applying bottom heat in the artificial climate of 
the green-house and conservatory is founded on this well 
known principle. 

But the nature of the soil in which plants grow has also 
much influence on the way in which the functions of the 
root are discharged. As a general fact this also is well 
known, though the special qualities of the soil on which the 
greater or less activity of vegetation depends, are far from 
being generally understood. If the soil contain a sensible 
quantity of any substance Which is noxious to plants, it is 
plain that their roots will be to a certain degree enfeebled, 
and their functions in consequence only imperfectly dis- 
charged. Or if the soil be deficient either in organic food, 
or in one or other of those inorganic substances which the 
plants necessarily require for the production of their several 
parts, the roots cannot perform their office with any degree 
of efficiency. Where the necessary materials are wanting 
the builder must cease to work. So in a soil which con- 
tains no silica, the grain of wheat may germinate, but the 
stalk cannot be produced in a natural or healthy state, since 
siUca is indispensable to its healthy construction. 

II. The ascent of the sap is modified chiefly by the season 
of the year, by the heat of the day, and by the genus and 
age of the plant or tree. 

There seems reason to believe that the plant never sleepsi 
that even during the winter the circulation slowly proceeds, 
though t)ie first genial sunshine x>f the early spring stimu- 
lates it to increased activity. The general increased tem- 
perature of the air does not produce this acceleration in so 
remarkable a manner as the direct rays of the sun. The 
sap will flow and circulate on the side of a tree on which 
the sunshine falls, while it remains sensibly stagnant on the 
other. This is shewn by the cutting down similar trees at 
more and more advanced periods of the spriog^and immers. 
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ing their lower extremities in coloured solutions. The 
wood and bark on one side of the tree will be coloured, 
while on the other, both will remain unstained. . If a simi- 
lar difference in the comparative rapidity of the circulation 
on opposite sides of a trunk or branch be supposed to pre- 
vail more or less throughout the year, we can readily ac- 
count for the annual layers of wood being often thicker on 
the one half of the circumference of the stem than on the 
other. 

The sap is generally supposed to flow most rapidly during 
the spring, but if trees be cut down at different seasons, and 
immersed as above described, the coloCired solution, accord- 
ing to Boucherie, reaches the leaves most rUpidly in the 
autumn.* 

The heat of the day, other circumstances being the same, 
materially affects, for the time, the rapidity of the circula- 
tion. The more rapidly watery and other vapours are ex- 
haled from the leaves, the more quickly must the sap flow 
upwards to supply the waste. If on two successive days the 
loss by the leaves be, as in the experiment of Hales, above 
described, (p. 129,) as 2 to 3, the ascent of the sap must be 
accelerated or retarded in a similar proportion. Hence, 
every sensible variation in the temperature and moisture of 
the air, must also, to a certain extent, modify the flow of 
the sap ; must cause a greater or less transport of that food 
which the earth supplies, to be carried to every part of the 
plant, and must thus sensibly affect the luxuriance and 
growth of the whole. 

* Boucherie makes a distinction, not hitherto insisted upon by phy- 
siologists, between the circulation on the surface of the tree by wnich 
the buds and young twigs are supported, and the interior circulation 
which is not perfect untila later period of the year. Hence in the spring, 
thou&;h the sap is flowing rapidly through the bark and the newest 
wood, coloured solutions will not penetrate the interior of the tree with 
any degree of rapidity. In autunin, on the other hand — ^when the fear of 
approaching winter has already descended upon the bark — the time of 
most active circulation has only arrived for the interior layers of the 
older wood. It is this season consequently that he finds most favoura- 
ble for impregnating the trunks of trees with those solutions which are 
likely to preserre them from decay.— ilTwi. de CHm, el de Pkys, budv. 
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But the persistance of the leaves is a generic character, 
which has considerable influence upon the circulation in the 
evergreens. In the pine and the holly, from which the 
leaves do not fall in the autumn, the sap ascends and des- 
cends during all the colder months, — at a slower rate, it is 
true, than in the hot days of summer, yet much more sen- 
sibly than in the oak and ash, which spread their naked 
arms through the wintery air. This is illustrated by the ex- 
periments of Boucherie, who has observed that in December 
and January the entire wood of resinous trees may be readily 
and thoroughly penetrated by the spontaneous ascent of sa- 
line and other solutions, into which their stems may be im- 
mersed. 

III. From what has just been stated, it will appear that 
the mechanical functions of the stem are subject to pre- 
cisely the same influences as the ascent of the sap. As the 
tree advances in age, the vessels of the interior will become 
more or less obliterated, and the general course of the sap 
will be gradually transferred to annual layers, more and 
more removed from the centre. It is this transference of 
the vital circulation to newer and more perfect vessels that 
enables the tree to grow and blossom and bear fruit through 
so long a life. In animals the vessels are gradually worn out 
by incessant action. None of them, through old age, are 
permitted to retire from the service of the body — and the 
whole system must stop when one of them is incapacitated 
for the further performance of its appointed duties. 

In regard to the chemical functions of the stem, it is ob- 
vious that they are nojt assigned to the mere woody matter 
of the vessels and cells. They take place in these vessels, 
but the nature and extent of the chemical changes them- 
selves must be dependent upon the quantity and kinds of 
matter which ascend or descend in the sap. The entire 
chemical functions of the plant, therefore, must be depen- 
dent upon and n^ust be modified by the nature of the sub- 
stances which the soil and the air respectively present to 
the roots and to the leaves. 

IV. In describing the functions of the leaf, I have already 
had occasion to advert to the greater number of the circum- 
stances by which the discharge of those functions is most 
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materially affected. We have seen that the purposes served 
by the leaf are entirely different according as the sun is 
above or below the horizon ; that the temperature and mois- 
ture of the air may indeed materially influence the rapidity 
with which its functions are discharged — but that the light 
of the' sun actually determines their nature. Thus the leaf 
becomes green and oxygen is given off in the presence of 
the sun, while in his absence carbonic acid is disengaged, 
and the whole plant is blanched. 

How necessary light is to the health of plants may be in- 
ferred from the eagerness with which th y appear to long 
for it. How intensely does the sun-flower watch the daily 
course of the sun, — how do the countless blossoms nightly 
droop when he retires, — ^and the blanched plant strive to 
reach an open chink through which his light may reach 
it!* 

That the warmth of the siin has comparatively little to do 
with this specific action of his rays on the chen\ical func- 
tions of the leaf, is illustrated by some interesting experi- 
ments of Mr. Hunt, on the effect of rays of light of different 
colours on the growing plant. He sowed cress seed, and 
exposed different portions of the soil in which the seeds were 
germinating, to the action of the red, yellow, green, and 
blue rays, which were transmitted by equal thicknesses of 
solutions of these several colours. " After ten days, there 
was under the blue fluid, a crop of cress of as bright a green as 
any which grew in full light and far more abundant. The 
crop was scanty under the green fluid, and of a pale yellow, 
unhealthy colour. Under the yellow solution, only two or 
three plants appeared, but less pale than those under the 
green,— while beneath the red, a few more plants came up 
than under the yellow, though they also were of an un- 
healthy colour. The red and blue bottles being now mu- 

* A potatoe has been obseHed to grow up in quest of light from the 
bottom of a well twelve feet deep — and in a dark cellar a shoot of 90 
feet in lenffth has been met with, the extremity of which had reached 
and rested at an open window. In the leaves of blancHed vegetables 
peculiar chemical compounds are formed. Thus in the stalk of the po- 
tatoe a poisonous substance called solanin is produced, which disap- 
pears agsun when the stalk is exposed to the lignt and b^mes green. 
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tually transferred, the *crop formerly beneath the blue in a 
few days appeared blighted, while on the patch previously 
exposed to the red, some additional plants sprung up."* 

Besides the rays of heat and of light, the sun-beam con- 
tains what have been called chemical rays, not distinguisha- 
ble by our senses, but capable of being recognised by the 
chemical effects they produce. These rays appear to differ 
in kind, as the rays of different coloured light do. It is to 
the action of these chemical rays on the leaf, and especially 
to those which are associated with the blue light in the so- 
lar beam, t^at the chemical influence of the sun on the func- 
tions of the leaf is principally to be ascribed. 

It cannot be doubted that the warmth and moisture of a 
tropical cUmate act as powerful stimulants — assistants it 
may be — to the leaf, in the absorption of carbonic acid from 
the air, and in that rapid appropriation (assimilation) of its 
carbon, by which the growth of the plant is hastened and 
promoted. But the bright sun, and especially the chemical 
influence of his beams, must be regarded as the main agent 
in the wonderful development of a tropical vegetation. Uiu 
der this influence the growth by the leaves at the expense of 
the air must be materially increased, and the plant be ren- 
dered less dependent upon the root and the soil for the food 
on which it lives.f 

v. The rapidity with which a plant grows has an impor- 
tant influence upon the share which the bark is permitted to 
take in the general nourishment of the whole. The green 
shoot performs in some degree the functions of the leaf. In 

* London wnd EdifUfv/reh Journal of Science^ February ^ 1840. 

Might not our cheap blue glsiss be used with advantage m glazing 
hot-houses, conservatories, dec. 1 

t The effect of continued sunshine may be often seen in our com 
field& in May, when, under the influence of propitious weather, the 
young plants are shooting rapidly up. When such a field is bounded 
by a lofty hedge running nearly north and south, the ridges nearest the 
hedge on either side wiU be in the shade for neaiiy one-half of the day, 
and will invariably appear of a paler grisen and less healthy colour. If 
the hedge be studded with occ&sional Targe trees, the spots on which the 
shadows of those trees rest will be indicated by distinct pale green 
patches stretching further into the field than the first, and sometimfp 
even than the second ridges. 

13 
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vascular plants, therefore, which in a congenial climate may 
almost be seen to grow, the entire rind of a tall tree may 
more or less effectually absorb carbonic acid from the at- 
mosphere, during the presence of the sun. The broad 
leaves of the ptdm tree, when fully developed, render the 
plant in a great degree independent of the s(»l for organic 
food — and the large amount of absorbing surface in the long 
green tender stalks of the grasses, and of their tropical 
analogues, must materially contribute to the same end. 
Hence the proportion of organic matter derived from the 
air, in any crop we reap, must always be the greater the 
more rapid its general vegetation has been. 



It is a fact familiarly known to all of you, that, besides 
those circumstances by which we can perceive the special 
functions of any one organ to be modified, there are many 
by which the entire economy of the plant is materially and 
simultanedusly affected. On this fact the practice of agri- 
culture is founded, and the various processes adopted by 
the practical farmer are only so many modes by which he 
hopes to influence and promote the growth of the whole 
plant, and the discharge of the functions of all its parts. 

Though manures in the soil act immediately through the 
roots, they stimulate the growth of the entire plant ; and 
though the application of a top-dressing may be supposed 
first to affect the leaf, yet the beneficial result of the exper- 
iment depends upon the influence which the dressing may 
exercise on every part of the vegetable tissue. 

In connection with this part of the subject, therefore, I 
shall only further advert to a very remarkable fact men- 
tioned by Sprengel, which seems, if correct, to be suscepti- 
ble of important practical applications. He states that it 
has very frequently been observed in Holstein, that if, 
on an extent of level ground sown with corn, some fields be 
marled, and others left unmarled, the corn on the latter 
portions will grow less luxuriantly and will yield a poorer 
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crop than if the whole had been unmarled. Hence he adds, 
if the occupier of the unmarled field would not hare a suc- 
cession of poor crops, he must marl his land also.* 

Can it really be that nature thus rewards the diligent 
and the improver ? Do the plants which grow on a soU in 
higher condition take from the air more than their due 
share of the carbonic acid or other vegetable food it may 
contain, and leave to the tenants of the poorer soil a less 
proportion than they might otherwise draw from it ? How 
many interesting reflections does such a fact as this suggest ! 
What new views does it disclose of the fostering care of the 
great Contriver — of his kind encouragement of every spe- 
cies of virtuous labour ! Can it fail to read to us a new and 
special lesson on the benefits to- be derived from the appli- 
cation of skill and knowledge to- the cultivation of the sml ? 

* Wenn namlich auf einer Feldflur Stuck um Stilck gemereelt wor- 
den ist, so wachsen die Fnichte auf den nicht gemergelten Feldera, 
auch wenn hier alle firuheren verhaltnisse ganz die-selben bleiben, nicht 
mehr so gut, als ehedem ; wodurch die Besitzer jener Felder, wenn fie 
nicht fortwahrend geiinge Emdten haben wollen, gendthigt sind, 
gleichfalls zu mergeln. Aus dicser hochst vichtigen E^cheinun^, dim 
man sekrhdufig in Holsteinschen bemerkt, &c.-~Sprengel CKemufwr 
Ijandwirtiksck^ I. p. 303. 
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Substances of which plants chiefly consist — ^Woody fibre, Starch, 
Gum, Sugars — Their mutual relations and transformations — Glu- 
ten, Vegetable Albumen, Diastase — Acetic, Tartaric, Malic, Citric, 
and Oxalic Acids — General observations. 

From what has been stated regarding the structure of 
plants, it will be understood in what way the food is intro- 
duced into their circulation. The next inquiry appears to 
be hau> — by what chemical changes — ^is the food, when in- 
troduced, converted into those substances of which plants 
chiefly consist. But in order that we may clearly under- 
stand this point, it is necessary that we know first the na- 
ture and chemical constitution of the substances which are 
most largely formed from the food in the interior of the 
plant. To this point, therefore, I must previously direct 
yout attention. 

If you were to collect all the varieties of plants which are 
within your reach — ^whether such as are cultivated and used 
for food—- or such as grow more or less abundantly in a wild 
state — and were to extract their several juices, and to sepa- 
rate from each of these juices the chemical compounds it 
contains — ^you would gradually gather together so many 
different substances, all possessed of different properties, 
that you would scarcely be able to number them. 

But if at the same time you compared the weight of each 
substance thus collected with that of the entire plant from 
which it is derived, you would find also that the quantity of 
many of them is comparatively so minute that only a very 
small portion of the vital energies of the plant can be ex- 
pended in producing them, — that they may be entirely neg- 
lected in a general consideration . of the great products of 
vegetation. Thus though quinine and morphine, the active 
ingredients in Peruvian bark and in opium, are most inte- 
resting substances, from their effect upon the human consti- 
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tution, and their use in medicine, yet they form so small a 
fraction of the mass of the entire trees or plants from which 
they are extracted, that it would be idle to attempt to con- 
vey to you any notion of the way in which plants grow and 
are fed, by shewing you how such substances as these are 
produced from the food on which plants live. 

While, however, this examination would satisfy you that 
almost every species of plant produced in small quantity one 
or more substances peculiar to itself, you would observe, at 
the same time, that every plant yielded a certain quantity 
of two or three substances common to and produced by 
all, and in most cases constituting the greater portion of 
their bulk. Thus all trees and herbs produce wood or 
woody fibre, and of this substance you know that their 
chief bulk consists. Again, all the grains and roots you 
cultivate contain starch in large quantity, and the produc- 
tion of this starch is one of the great objects of the art 
of culture. The juices of trees, and of grasses, and of cul- 
tivated roots, contain sugar and gum, and sometimes in 
such quantity as to make their extraction a source of profit 
both to the grower and to the manufacturer. The flour of 
grain contains sugar also, and along with it two other sub- 
stances, in small quantity, glttten and vegetable aUmmenj 
which are of much importance in reference to the nutritive 
quaUties of the diflerent varieties of flour. Sugar is also 
present in the juices of fruits, but it is there associated with 
various acid (sour) substances which disappear to a certain 
extent or change into sugar as the fruit ripens. 

Of these few substances the great bulk of vegetables of 
all kinds consists. They constitute nearly the whole mass 
of those various crops which the art of culture studies to 
raise for the use of man and beast. To the study of these 
substances, therefore, I shall at present confine your atten- 
tion, and if I shall afterwards be able to make you under- 
stand how these few compound bodies are produced in the 
interior of a plant from the food it takes up, I shall succeed 
in conveying to you as much information in regard to this 
most interesting branch of our subject as will be necessary 
to a general explanation not only of the natural growth and 
increase of plants, but of the nature and efficacy of those 
13* 
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artificial means which the practical farmer employs, in 
order to hasten their growth or enlarge their increase. 

§ 1. Woody fibre or lignin — Us constitution and properties. 

1°. When a portion of the stem of a herbaceous plant, or 
of the newly cut wood of the trunk or branch of a tree, is 
reduced to small pieces, and boiled in successive portions of 
water and alcohol, as long as any thing is taken up, a white 
fibrous mass remains, to which the name of woody fibre or 
lignin has been given. This substance has no taste or 
smell, and is perfectly insoluble in water. It is nearly iden- 
tical in its chemical constitution and properties, whether it 
be obtained from the porous willow, or from the solid box 
tree, and the fibres of linen and of cotton consist essentially 
of the same substances. 

According to the analysis of Dr. Prout, this woody filMre 
when dried at 350° F., consists of 

From Box Wood. From the Willow. 

Caibon 500 4^-8 

Hydrogen .... 5-55 5*58 

Oxygen . • . . . 4445 4462 

100 . 100 . 

It will be recollected that water consists of oxygen and 
hydrogen, combined in the proportion, by weight, of 8 of 
the former to 1 of the latter. (See Lecture II., p. 42.) 
Now if the hydrogen above given be multiplied by 8, the 
product will be found to be almost exactly the weight of the 
oxygen givenr-nsince 

6-55 X 8 = 44-40, and 
5-58 X 8 = 44.64. 
In woody fibre, therefore, the hydrogen and oxygen exist in 
the same proportion as in water, and its composition, there- 
fore, might be represented by 

Caibon ' 5^^ 

Water . . , . . . .^c . 50.0 



100 
did we not know that woody fibre, when heated or distilled. 
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cannot be resolved into carbon (charcoal) and water alone^ 
and, therefore, cannot be supposed to consist of these 
alone. , 

It is a remarkable character of this substance, however, 
that these two elements, hydrogen and oxygen, exist in it 
in the proportions to form water, and we shall find the 
knowledge of this fact of great importance to us, when we 
come to inquire how this constituent of vegetables is 
formed — from the food on which they Uve. 

2^. If a portion of the wood of a tree be dried and ana- 
lyzed without being previously digested in water, alcohol, 
and ether, as long as any thing is taken up, the proportion 
of the constituents is found to vary slightly with the species 
of tree, but in all cases the hydrogen is in larger quantity 
than is necessary to form water with the oxygen they con- 
tain. Thus, according to Payen, the dry wood of the fol- 
lowing trees consists of 

Carbon . 
Hydrogen 
Oxygen . 

100 100 100 100 

The carbon in these several kinds of wood differs as 
much as three per cent., but in each of them the product of 
the hydrogen when multiplied by 8, is considerably greater 
than the per centage of oxygen. 

3°. When the solid substance of wood is examined under 
the microscope it is observed to consist of two portions or 
kinds of matter, that of which the original sides of the ceUs 
and tubes is composed, called the celltdar matter — the true 
woody fibre — and of a solid substance by which the ceUs 
are internally coated and strengthened, called the incrusting 
matter. It is in this latter substance that the excess of hy- 
drogen, exhibited by the preceding analysis, is supposed to 
exist, the true woody fibre containing always the hydrcjffen 
and oxygen in the proportions necessary to form water!* 

* Payen at first considered this incrusHng matter as a peculiar sub- 
stance, for which he proposed the name of sderogene, lus first mode 



Ebony. 


Walnut. 


Oak. 


Beech. 


52-85 


51^ 


5000 


49 25 


600 


5-96 


6-20 


610 


4115 


4212 


4380 


44-65 
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It is exceedingly difficult ir any case to sepcirate the eel- 
lular from the incrusting matter of iroed, so as to obtain 
the means of determining by analysis the exact difference 
in their elementary constitution. Under the imptession 
that in very light and porous substances he should obtain 
the cellular matter in a purer form, Payen analysed the 
fibre of cotton — the pith of the elder, the cellular substance 
of the cucumber, of the mushroom, and of other fungi, the 
spongy matter which forms the extremities of the roots of 
plants, and various other similar substances, and in all these 
varieties he found the hydrogen and oxygen to exist in the 
proportions to form water. The mean of his analyses was 
very nearly as follows — ^which for the purpose of compari- 
son I shall contrast with that of Dr. Prout : 

of separating it from the cellular matter was bv treating the finely rasped 
woOa (of the oak and beech) with nitric acid, which disaoWed out the 
incrusting matter aud lefl the cellular. matter behind. His second mode 
was to digest the wood with dilute sulphuric acid, by which the cellular 
matter was dissolved out, and the incrusting matter left It is obvious, 
however, that no reliance whatever can be placed on the analyses of 
substances so treated, since they cannot fail to have undergone a chemi- 
cal change by being exposed to the action of these strong acids. Fur- 
ther examination has satisfied Payen that the incrusting matter consists 
of at least three substances, of which one is soluble in water, alcohol, 
and ether, another in alcohol only, while the third is insoluble in any of 
these Uquids. They are composed^ according to his analyses, of 

Soluble in Soluble in 

Insoluble. alcohol only. water and alcohol. 

Carbon . . ' 48 62-8 6853 

Hydrogen . . 6 59 704 

Oxygen . . 46 31-3 2443* 

100 100 100 

It is impossible to say how far the substances analyzed by Payen 
are to be considered as pure, or as actually existing in the pores, or in 
the incrusting matter of the woody fibre, but it is obvious tnat the pre- 
sence of a variable quantity of such substances will necessarily cause 
that excess of hydrogen, in the entire wood, which appeu^ in the analy* 
sis of the ebony, walnut, oak, and beech woods, given in the text. That 
such ah excess of hydrogen above what is necessary to fi)rm water with 
the oxygen, does exist in the wood of most trees in its natural state, is a 
fact to which it will be important to advert when we consider hereafter 
the chemical changes which the food undergoes in the interior of the 
plant 

[* Meyen's JaAresberuM, 1839, p. 10.] 
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• Woody fibre of box and Cellular matter of ratcu- 

WilloW'Dr. Prout. lar plants— Payen. 

Carbon . . 5000 4480 

Hydrogen. . . . 5-55 6-20 

Oxygen . . . 44*45 49-0 

100 100* 

In both these analyses the hydrogen is very nearly 8 
times that of the oxygen. All these substances, therefore, 
may be represented by carbon and water, though the woody 
fibre of Dr. Prout contains 5 per cent, more carbon than 
the cellular matter of Payen. 

If we calculate the number of equivalents of each ele- 
ment contained in these two varietiesf of vegetable fibre 
composed as above exhibited, we find in the one 12 of car- 
bon, 8 of hydrogen, and 8 of c«ygen; in the other, 12 of 
carbon, 10 of hydrogen, and 10 of oxygen. They may, 
therefore, be conveniently represented by the following for- 
mulse: 

Woody Fibkb by C'^ H» C« 

Cbllulab Fibbjb . . . . by C^» H' • C • 

It is not unlikely that both of these forms of matter may 
exist, as well in the perfect wood of trees as in the less con- 
solidated pith of the elder, or in the fibres of cotton — and 
that they may occur intermingled also in varying proportions 
with other substances, containing hydrogen in excess.:): 

I have spoken of these varieties of woody fibre as consti- 
tuting a large portion of the entire mass of vegetable matter 

♦ Meyen's JaJiresberichby 1839, p. 10. 

t This is done verv simply by dividing the carbon by 6, and the ozy^ 
gen by 8 (see page 4a), thus — 

Carbon ... 50 -r 6 = 8*33 T which numbers ) 12 
Hydrogen . . 5*55 = 5*55 < are to each > 8 

Oxygen . . . 44*45 -^ 8 = 5-56 f other a» ) 8 
X The existence of a variety of cellular fibre identical in constitution 
with common starch, as this of Payen is, (see subsequent section, p. 155) 
was previously rendered probable by the observations of Dr. Scmeiden, 
that the embryo of the Sckotiu latifdia^ consisting of pores and vessels, 
the sides of which exhibit distinct concentric layers, is entirely soluble 
in water, with the exception of the outer rind; and that its solution be- 
comes blue on the addition of iodine. It would appear as if the cellular 
substance were in this case wholly composed of Starch. ^ {Poggendorf^t 
Annalen^ xliii. p. 398.) It may, however, be in such a state oftenuity in 
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produced during the growth of plants. That such is the case 
in the more gigantic vegetable productions, of which the 
great forests consist, is sufficiently evident, and so far the 
general statement is easily seen to be correct. It is also true 
of the dried stalks of the grasses and the corn-growing 
plants, of which it forms nearly one-half the weight, — ^but 
in roots and in s6me plants which are raised for food, the 
quantity of woody fibre, especially in the earlier stages of 
their growth, is comparatively small.* Thus in the beet root 
it forms only 3 per cent, of the whole weight when taken 
from the ground. If suffered to remain in the soil till it be- 

the embryo of this plant, as to be easUy changed into starch by the ac^ 
tion of hot water; and it is still by no means certain that the cellular 
fibre analyzed by Payen may not also have undergone a change by the 
treatment to which it was previously subjected, lam unable, however, 
to speak decidedly on this subject, as I have not seen the details of M. 
Payen's several papers. (See subsequent section, on the mutual trans- 
fomuUums of woody fibre, starch, gum, and sugar, p. 163.) 

* The following table shews the percentage of woody fibre contained 
in some common plants in^the fireen state, and when dried in the air, 
and at 212°; ^ 

IK THR ORBBIf STATC. 

Dried in Dried at Woody -nr-..- 

theair. %\Jf>. fibre. ^*'"^* 

per cent, per cent, per cent, per cent. 
50 



Barley straw, ripe 

Oat straw, do. 

Maize straw, do. 

Stalks of the field pea 

Field bean straw, 

White turnip 

Common beet rbeta vulgaris) 

Young twigs of common furze 

Rape straw, ripe . 

Tare straw, do. . 

Vetch plant Tv. sativa) 

Do. f V. cracca) in flower 
Do. (v. narbonensis) do, 

White lupin, in flower^ 

Lucerne, m flower, 

Rye grass, do. 

Red clover, do. 

White clover, do. 

Trefoil (medium) do. 

Sainfoin (esparsette) . 

Trefoil Taerarium) m flower 
Do. (ruoens) do. . 



— 47 — — 
24 -. — — 

— — lOJ 80 
51 — — — 



— 55 

37 — 

42 — 



3 

3 
24 
12J 

101 

H 
Hi 

7 

9 
11 

7 

4i 

8i 

7 
12 
15 



92 

86 
50 

77 

77i 

68 

80 

86 

73 

68 

79 

81 

73 

76 

68 
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comes old, or if the growth be very slow, the beet becomes 
more woody, as many other roota do, and the quantity of 
ligneous fibre increases. 

^ 2. Starch — its congtiiuiion and properties. 

Next to woody fibre, starch is probably the most abun- 
dant product of vegetation. To the agriculturist it is a sub- 
stance of much more interest and importance than the 
woody or cellular fibre, from the value it possesses as one of 
the staple ingredients in the food of man and animals — and 
from its forming a large portion of the weight of the various 
grains and roots which are the principal objects of- the art 
of culture. 

1*^. When the flour of wheat, barley, oats, Indian corn, 
&c., is mixed up into a dough with water, and this dough 
washed on a linen cloth with pure water, a milky liquid 
passes through, from which, when set aside, a white powder 
gradually falls. This white powder is the starch of wheaten 
or other flour. 

2°. When the pith of the sago palm is washed, in a simi- 
lar manner, with water upon a fine sieve, a white powder is 
deposited by the milky liquid which passes through. This, 
when collected, forced through a metal sieve to granulate 
(or corn) it, and dried by agitation over the fire, is the sago 
of commerce. 

S°, When the raw potatoe is peeled and grated on a fine 
grater, and the pulp thus produced well washed with water, 
potatoe starch is obtained in the form of a fine white powder, 
consisting of rounded, glossy and shining particles. 

4°. When the roots of the Maranta Arundinacea of the 
West India Islands are grated and washed like the potatoe, 
they yield the arrow root of commerce. From the root of the 
Manioc, the cassava is procured by a similar process, and 
this, when dried by agitation on a hot plate, is the tapioca 
of the shops. By this method of drying, both sago and ta- 
pioca undergo a partial change, which will be explained in 
a' subsequent section (see p. 165.) 

The substances to which these several names are given 
are, when pure, similar in their properties, and identical in 
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their chemical constitution. They are all colourless, taste- 
less, without smell, when dry and in a dry place may be 
kept for any length of time without undergoing alteration, 
are insoluble in cold water or alcohol, dissolve readily in 
boiling water, giving a solution which gelatinizes (becomes 
a jelly) on cooling — and in a cold solution of iodine* they 
all become blue. 

When dried at 212°, they consist, according to Dr. 
Prout, with whose analysis those of other chemists agree, of 

Carbon . . . 44*0 per cent, or 12 atoms. 

Hydrogen . . .6*2 per cent., or 10 atoms. 

Oxygen . . . 49*8 per cent., or 10 atoms. 

100 

Starch, therefore, may be represented by the formula 
Qi2 H^o O^®, which is identical with that deduced in the 
preceding section for the cellular fibre of Payen. Both 
substances, therefore, contain the same elements (carbon, 
hydrogen and oxygen), united in the same proportions, and 
in both, as well as in the common fibre of w.ood, the hy- 
drogen and oxygen exist in the proportion to form water. 

That starch constitutes a large portion of the weight of 
grains and roots, usually grown for food, will appear from 
the following table, which exhibits the quantity present in 
100 lbs. of each substance named : 

Starch per cent. 

Wheat flour 39 to 77 

Rye do 50 to 61 

Barley do 67 to 70 

. Oatmeal . . . - . . . . 70 to 80 

Rice flour 84 to 85 

Maize do 77 to 80 

Buckwheat 52 

Pea and Bean meal . . . . 42 to 43 

Potatoes, containing 73 to 78 of water, . 13 to 15 

It thus exists most largely in the seeds of plants, and in 
some roots. It is frequently deposited, however, among the 

* Iodine is a solid substance, of a leeul-grey colour, possessed of a pe- 
culiar powerful odour, and forming when heated a beautiful violet va- 
pour. It exists in small quantity m sea water, and in some marine 
plants. Its solution in water readily shews the presence of starch, by 
the blue colour it imparts to it 
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woody fibre of certain trees, as in that of the willow, and 
in the inner bark of others, as in those of the beech and 
the pine.* Hence the readiness with which a branch of 
the willow takes root and sprouts, and hence also the occa- 
sional use of the inner bark of trees for food, especially in 
northern countries, and in times of scarcity. In some roots 
which abound in sugar, as in those of the beet, the turnip, and 
the carrot, only 2 or 3 per cent, of starch can be detected. 

§ 3. Gum — its constitution and properties. 

The variety of gum with which we are most familiar is 
gum arable^ or Senegal, the produce of various species of 
euidcia, which grow in the warmer regions of Asia, Africa, 
and America. It exudes from the twigs and stems of these 
trees, and collects in rounded more or less transparent 
drops or tears. It is also produced in smaller quantities in 
many of oar fVuit trees, as the apple, the plum, and the 
cherry ; it is present in some herbaceous plants, as in the 
althaea and malva officinalis (common and marsh mallow) ; 
and it exists in lint, rape, and many other seeds. When 
treated with boiling water these plants and seeds give 
mucilaginous solutions. 

Many varieties of gum occur in nature, but they are all 
characterised by being insoluble in alcohol, by dissolving or 
becoming gelatinous in hot or cold water, and by giving 
mucilaginous — viscid and glutinous — solutions, which may 
be employed as a paste. 

Three distinct species of gum have been recognised by 
chemists. 

1°. Arahin— of which gum arabic and gum senega! al- 
most entirely consist. It is readily soluble in cold watery 

" r known by the name of the 

I the gum of the cherry-tree, 
t dissolves readUy in boiling 

in such weod by a drop of the 
manent blue to starch, but to the 



Digitized by VjOOQIC 



158 VARIETIES OP GUM. 

water. When thus dissolved it may be dried without losing 
its solubility, and is therefore by boiling supposed to be 
changed into arabin. 

3°. Bassorin — existing in what is called hassora gum — 
and forming a large portion of gum tragacanth.* It sioeUs 
and becomes gelatinous in cold toatery but does not dissolve in 
toater either cold or hot. 

By these characters, the three kinds of gum are not only 
readily distinguished, but may be easily separated from each 
other. Thus if a native gum or an artificial mixture con- 
tain all the three, simple steeping in and subsequent wash- 
ing with ccld water, will separate the arofttn — boiling water 
will then take up the cerasin^ and the bassorin will remain 
behind. 

These different kinds of gum all possess the same chemi- 
cal constitution. 

According to the analyses of Mulder, they consist of 

Caifoon . . . 45*10 per cent, or 12 atoms. 
Hydrogen . . . 6*10 per cent., or 10 atoms. 

Oxygen . . 48-80t per cent., or 10 atoms. 

100 

In these analyses, as in those of starch and woody fibre, 
we see that the per centage of oxygen is equal to that of 
the hydrogen multiplied by 8, and consequently that these 
two elements are, as already stated, in the proportion to 
form water. But we see also that the carbon is in the pro- 
portion of 12 atoms or equivalents to 10 of each of the other 
constituents, and therefore giim may be represented by 
Ci2 H'o O'® — a formula which is identical with that al- 
ready given for starch and cellular fibre. 

It appears, therefore, that not only may gum^ starchy and 
cellular fibre be represented by carbon and water, but that 
they aU consist of carbon and the elements of icaterj united 
together in the same proportions. 

Gum not only exists in many seeds, and exudes as a na- 

* This gum exists along with starch in the roots of the yariona 
species of orchis f especially of those which are used for making mA^ 
(Meyen). © 

t Berzelius Arsberditelse, 1839, p. 443. 
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tural product from the stems and twigs of many trees, but 
is also contained in the juices of many^ other trees, from 
which it is not known to exude ; and in the sap of most 
plants it may be detected in greater or less quantity. It 
may be considered, indeed, as one of those substances which 
are produced most largely and most abundantly in the vege- 
table kingdom, since, as will hereafter appear, it is one of 
those forms of combination through which or^nic matter 
passes in the interesting series of changes it undergoes 
during the development and growth of the plant. 

§ 4. Of Sugar — its varieties and chemical constitution. 

1°. Cane Sugar.-^^ng&r, identical in constitution and 
properties with that obtained from the sugar-cane, and gene- 
rally known by the name of cane-sugar, exists in the juices 
of many trees, plants, and roots. In the United States of 
North America the juice of the maple tree is extensively 
collected in spring, and when boiled down yields an abun- 
dant supply of sugar. In the Caucasus that of the walnut 
is extracted for the same purpose. The juice of the birch 
also contains sugar, and it may be obtained, in lesser quan- 
tity, from the sap of many other trees. In the juice of the 
turnip, carrot, and beet, it is also present, and in France and 
Germany the latter root is extensively cultivated for the 
manufacture of beet sugar. In the unripe grains of corn, 
at the base of the flowers of many grasses and clovers when 
in blossom, and even in many small roots, as in that of the 
quicken or couch-grass (triticum repens), the presence of 
sugar may likewise be readily detected. 

Sugar is principally distinguished by its agreeable sweet 
taste. When pure, it is colourless and free from smell. It 
dissolves readily in alcohol and in large quantity in water. 
The solution in water, when much sugar is present, has an 
oily consistence, and is known by the name of syrup. 
From this syrup the sugar gradually deposits itself in the 
form of crystals of sugar candy. If the syrup be boiled on 
too hot a fire, it chars slightly, becomes discoloured, and a 
quantity of molasses is formed. Pure cane-sugar, free from 
water, consists of 
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Carbon . . . 44*92 per ceDt., or 12 atoms. 

Hydrogen . . . 611 " or 10 " 

Oxygen . . . 4897 " or 10 « 

100 
If we compare these numbers with those given for starch 
and gum in the preceding sections, we see that they are al- 
most identical — so that cane-sugar also contains oxygen 
and hydrogen in the proportions to form water, and may 
likewise be represented by the formula C^^ H' • O' *. 

2°. Crrape sugar, — ^In the juice of the grape a peculiar 
species of sugar exists, which, in the dried raisin, presents it- 
self in the form of little rounded grains. The same kind of 
sugar gives their sweetness to the gooseberry, the currant, 
the apple, pear, plum, apricot, and most other fruits. It is 
also the sweet substance of the chesnut, of the brewers' 
wort, and of all fermented hquors, and it is the solid sugar 
which floats in rounded grains in liquid honey, and which 
increases in apparent quantity as the honey, by keeping, be* 
comes more and more solid. 

Gr9j>e sugar has nearly all the sensiUie characters of cane 
^ugar, with the exception of being less soluble in water and 
filso less sweet, — 2 parts of the ktter imparting an equal 
sweetne^ with 5 of the former. 

In chemical constitution they differ considerably. Thus 
grape sugar dried at 25()° F., consists of 

Carbon . . . 40*47 per cent., or 12 atoms. 

Hydrogen ... 6-69 " or 12 " 
Oxygen . . . 52*94 " or 12 * 

100 
The oxygen here is still eight time 
drogen, and, therefore, in this variet 
elements exist in the proportions to 
every 12 equivalents of carbon dry gn 
hydrogen and 12 of oxygen. It is c< 
ed by C>a Ri^ 0»a, and Contains the' elements ^f two 
atoms of water (H« O^ ) more than cane sugar.* 

♦ Solutions of cane and erape sugar are readily distinguished from 
each other by the following chemical characters: — 1. If the solution b« 
heated and a few drops of sulphuric acid then added, cane sugar will b« 



Digitized by VjOOQIC 



MANNA JLND LIQUORICE SU6ABS. 161 

3°. Manna sugar, sugar of liquorice^ <^c. — Biesides the 
cane and grape sugars which occur in large quantity in the 
juices of plants, there are other varieties which occur less 
abundantly, and are therefore of less interest in the study of 
the general vegetation of the globe. Among these is manna^ 
which partly exudes and is partly obtained by incisions from 
certain species of the ash tree which grow in the warmer 
countries of Southern Europe (Sicily and Italy), and in Sy- 
ria and Arabia. It also exists, it is said, in the juice of the 
larch tree, of common celery, and of certain trees which are 
met with in New South Wales. Liquorice root also con- 
tains a species of black sugar, which is known in this coun- 
try under the names of Spanish and Italian juice, from the 
countries where it is grown. In the mushroom and other 
fungi a colourless variety, apparently peculiar, has also been 
met with, — and milk owes its sweetness to a species of su- 
gar formed in thp interior of the animal along with the other 
substances .which the milk contains. 

These several kinds of sugar differ more or less, not only 
in sensible and chemical properties, but also in chemical 
constitution from the more abundant cane and grape sugars 
—but they form too small a part of the general products of 
vegetation, and are of too little consequence in practical 
agriculture to render it necessary to do more than thus 
shortly advert to their existence,* 

§ 5. Mutual relations of rooody fihrCy starch, gum, and sugar* 

It may be interesting now to consider for a moment the 
mutual relations of the several substances, woody fibre, 
starch, gum, and sugar — above described — which occur so 
largely in the vegetable kingdom, and are serviceable to 
man for so many different purposes. These relations will be 

decomposed, blackened, and made to fall as a black or brown powder — 
while a solution of grape sugar will at the most be only slightly dis- 
coloured. 2. If instead of sulphuric acid, caustic potash be employed, 
the cane sugar will be undianged, while the grape sugar will be buMk- 
ened and thrown down. 

* For a list of plants from which sugar has been extracted, see Thorn- 
eon's Organic Chemistry (1838), p. 64&. 
14* 



Digitized by VjOOQIC 



162 MUTUAL BELATIONS OF THESE COMPOUNDS. 

ft 

best seen on comparing the formulae by which they are res- 
pectively represented. Thus — 

Woody Fibre (lignin) is represented by C** H' 0* 
Cellulab Fibbe (according to Payen) by C H' ® O* • 
Starch (dried at 212° F.) by C"^ H» « 0» • 

Gum (any of the 3 varieties) by C»« H» » 0» « 

Cane Sugar (free from water) by C»« H» • 0» •* 
Grape Sugar (dried at 130° F.) by C'^H*' O^^f 

In these formulae we observe— 

1°, Tliat the equivalents of the oxygmi are equal to those 
of the hydrogen in all the formulae, and, therefore, that all 
tiiese substances may be supposed to consist of carbon and 
water. 

2o. The formulae for cellular fibre, starch, gum, and cane 
sugar are identical. They consist of the same elements united 
together in Ihe same proportions. 

This is one of those facts which not only appear very re- 
markable to the unlearned, but are scarcely capable of being 
clearly comprehended and explained, even by those who 
have most profditndly studied this branch of natural science. 
Starch and sugar — how different their properties ! how un- 
like their uses ! how unequal their importance to the human 
race ! yet they consist of the same weights of the same sub- 
stances, differently conjoined. The skilful architect can put 
together the same proportions of the same stone and cement 
— and the painter can combine the same colours so as to 
produce a thousand varied impressions on the sense of sight. 
In the hand of Deity matter is infinitely more plastic. At 
His bidding the same particles can unite in the same quan- 



• For a list of plants from which su^ has been extracted, see Thom- 
son's Or game Ckemistry (1838), p. 647. 
t Crystalliz^ cane sugar (sura* can47) loses 5*3 per cent, of water 



equivalent, 

^ of the hydroeen and oxygen exist in crystallized sugar in the state of 
^ water. In like planner, crystallized honey or grape sugar— as it occurs^ 
in honey or in the dried grape — loses 9 per cent, of water when heated, 



to 250° F. This is equal to two equivaients (2 H 0), so that ciyatal- 
lized grape sugar is represented by C^HUO" orCi2H"0»«+2HQ. 
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tity SO as to produce the most unlike impressKms — «nd on aU 
our senses at once. 

3^. A knowledge of the ahove close r^ticms in compo- 
sition, among a class of substances occurring so abundantly 
in the vegetable kingdom, imparts a degree of simplicity to 
our ideas of this otherwise complicated subject. It does not 
appear so mysterious that we should have woody fibre, and 
starch, and gum, and sugar, occurring^'together in variabte 
quantities, when we know that they are all made up of the 
same materials, in the same or nearly the same proporti<»is 
—or that one of these should occasionally disappear from a 
plant, to be replaced in whole or in part by another. 

A further question, however, arises in our minds. We na- 
turally ask, — does nature, in thus removing one of these com- 
pounds, and supplying its place by another, actually form 
fVom its elements the new substance introduced, or does she 
produce it by a mere change or transformation of those pre- 
viously existing, A satisfactory reply to this question may 
be derived from the facts detailed in the following section. 

§ 6. Mutual transformations of tooody fbre^ starchy gum^ 
and sugar. 

I. ^WOODY FIBRE. 

Action of heat, — ^If wood be reduced to the state of fine 
saw-dust, be then boiled in water to separate every thing 
soluble, afterwards dried by a gentle heat, and then heated 
several times in a baker's oven, it will become hard and 
crisp, and may be ground in the mill into a fine meal. The 
powder thus di>tained is slightly yellow in colour, but has a 
taste and smell similar to the flour of wheat ; it ferments 
when made into a paste with yeast or leaven, and when baked 
gives a light homogeneous bread. Boiled with water, it 
yields a stiff tremulous jelly, like that from starch (Auten- 
rieth.)* By the agency of heat, therefore, it appears that the 
uoody fibre vtap be changed into stmreK 

^. Ac^isn of sulphuric acid, — ^If to three parts of the sul- 
phuric acid of the shops (oil of vitriol) one part of water 

♦ Schxibleri Agncidiwr Ckemvs^ i.,p. 234. 
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be added, and a portion of delicate woody fibre be immersed 
in it for half a minute, and the whole then rubbed in a mor- 
tar with a few drops of a solution of iodine^-the woody fibre 
will assume a blue colour, shewing that it is in part at least 
changed into starch* (Schleiden). 

Again, if three-parts of fine saw-dust or of fragments of 
old linen be rubbed in a mortar with four of the sulphuric 
acid of the shops added by degrees — ^it will, in a quarter of 
an hour, be rendered completely soluble in water. If the 
solution in water be freed from acid by chalk, and then 
evaporated, a substance resembling gum arabic is obtained 
(Braconnot). According to Schleiden, the fibre may be 
seen under the microscope gradually to change from with- 
out inwards, first into starch and then into gum. 

Further, if this gum be digested with a second portion 

. of sulphuric acid diluted with 8 or 10 times its weight of 

water, it will be gradually converted into grape-sugar ; or 

the fibre of wood or linen may be changed <iirectly into 

sugar by the prolonged action of dilute sulphuric acid. 

3°. Action of Potash. — ^If saw-dust be mixed with from 
two to eight times its weight of hydratef of potash and as 
much water, and boiled till a crust forms on the sur&ce, 
and if dilute sulphuric acid be then added till the whole is 
slightly sour, the undestroyed woody fibre will give an in- 
stantaneous deep blue on the addition of iodine, shewing 
that starch has been formed. 

Woody fibre, therefore, may be changed into starch, 
either by the unaided action of heat, by that of sulphuric 
acid, or by boiling with caustic potash, — and the starch thus 
produced may be further transformed, first into gum and 

* It will be recollected that starch is characterised by giving a blue 
colour with a solution of iodine (see p. 156). 

The simplest way of trjring this experiment is, to take a quantity of 
clean cotton — to wet it with water, squeezing out again aa much as 
possible — ^then to spread it out upon a flat dish and moisten it quickly 
and thoroughl^r with the acid diluted as above. After half a minute, add 
the solution of iodine, stir quickly with a glass rod, and immediately add 
water, when the blue compound of iodine and starch will speedily de- 
posit itself. — (Schleiden Pog. Annul, xliii. p. 396). 

t Hydrate of potash is the caustic substance which is obtained by 
boiling common pearl-ash with quick-lime. 
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then into grape-sugar, by the prolonged action of dilute 
sulphuric acid, assisted by a moderate heat. 

II. — -STABCH. 

1®. Action of heat, — ^When flour, potatoe, or arrow-root 
starch is spread out upon a tray, then introduced into an ) 
oven and gradually heated to a temperature not exceeding V 
800° F., it slowly changes, acquires a yellow or brownish 
tint according to the temperature employed, and becomes 
entirely soluble in cold water. It is changed into gum. 
Under the names of starch-gum, or Bntish-gum, this sub- 
stance is largely manufactured in this country, and is suc- 
cessfully substituted for gum arabic by the calico-printers 
in thickening many of their colours.* 

The gum thus prepared not unfrequently also possesses a 
sweet taste, from the further change of a portion of the gum 
into sugar. 

2°. Action of water. — ^When starch is dissolved in boiling 
water, and is then allowed to stand in the cold eidier in a 
close vessel or exposed to the air, it gradually changes into 
gum or sugar. The process however, is slow, and months 
must elapse before the whole ^ the starch is thus spontane- 
ously transformed in the presence of water (De Saussure). 
It takes place more rapidly when starch and water are boiled 
together lor a length of time. 

8°. Action of sittpkuric acid.^-From what has been al- 
ready stated in regard to the action of this acid on woody 
fibre k will readily be supposed that native starch, of any 
variety, is likely to undergo transfonnation when subjected 
to its influence. 

In reality, if 50 parts of starch, 12 of sulphuric acid, and 
139 of water be taken, and if the starch be thoroughly 
moistened with a portion of the water, and then poured into 
the mixture of the acid with the remainder of the water, 

* During the baking of bread this conversioD of starch mto ffom 
takes place to a considerable extent. Thus Vogel found that flour 
which contained no gum S^ve, when baked, a bread of which iBpei 
eent, or nearhr one^fth of the whole weight, eomiBted of gum. Thus 
one of the effects of baking is to render the iour-starch more soluble, 
and therefore (1) more easily tiigestible. 
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and heated to 190° F., the starch will be entirely converted 
into gum. By further and more prolonged heating this 
gum is changed into grape sugar. The gum or sugar may 
be obtained in a separate state by adding to the solution 
either chalk or lime, which will combine with and carry 
down the acid.* One hundred pounds of starch treated in 
this way will yield from 105 to 122 lbs. of dry grape sugar. 
The rapidity with which this transformation takes place 
depends partly upon the temperature and partly upon the 
proportion of acid employed. Thus 100 lbs. of starch mixed 
with 600 of water and 10 of suJphi^ric acid, will be convert- 
ed into grape sugar by boiling for seven hours. If by in- 
creasing the pressure the temperature be raised to 250° F., 
the transformation will be effected in a/cto minutes. With 
only one pound of acid and the same quantity of starch 
and water, the change will be effected in three hours by a 
temperature of 230° F. This mode of converting potatoe 
starch into grape sugar is said to be extensively practised 
in France, for the purpose of subsequently fermenting the 
sugar and converting it into brandy. 

in.— GUM. 

Actum of sulphuric acid. — ^If powdered gum aiabic be 
rubbed in a mortar with the sulphuric acid of the shops, a 
brownish solution is obtained, which, when diluted with wa- 
ter and treated with chalk, yields a gummy substance simi- 
lar to that obtained in the same way from starch and woody 
fibre. Prolonged digestion with diluted acidconverts a por- 
tion of this gum into su^ar.^ 

IV.-— CANE SUOAB. 

1°. Action of ^flrf.— When crystallized cane sugar is 
heated to 320° F. it melts, and if the temperature be raised 
to 360° F. it gives off two atoms of water and is changed 

* It forms gypsum with it (sulphate <^ lime), which is a compound 
of lime and siUphuric acid. 

t Berzelius, TVat^ eU Ckmie (1831), v., p. 217. 
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into caramel. This caramel is an uncrystallizable sugar, 
which is generally present in- artificial syrups, and is often of 
a brownish colour. It contains the elements of an atom of 
water less than cane sugar, and is represented by C ' * H* 
O*. It is not known to occur in the natural juices of 
plants. 

2°. Action of sulphuric acid, — When cane sugar is digest- 
ed with dilute sulphuric acid, aided by a gentle heat, it 
is rapidly converted into grape sugar. The acid of grapes 
(tartaric acid) and many other vegetable acids produce a 
similar change. 

It is obvious that this conversion of cane into grape su- 
gar can only take place in the presence of water, inasmuch, 
as has already been shewn (p. 161), grape sugar contains 
the elements of two atoms of water more than cane 
sugar, or 

Cane dugar. Water. Dry grape sugar. 

Qi2 E.^0 Qio + 2H0=C>a H'2 0»«. 



We may revert now to the question with which we con- 
cluded the preceding section. Since these different sub- 
stances are so closely allied in chemical constitution, and 
occur so often in connection with each other in the vegeta- 
ble kingdom, does nature, when her purposes demand the 
change, actually transform them, the one into the other, in 
the interior of the plant ? The answer may now be safely 
given, that she certainly does. What we can so readily 
perform by our rude art may be still more easily effected in 
the living vegetable. That which is starch or gum in one 
part of the plant, may become cane or grape sugar in ano- 
ther, and woody fibre in a third. Thus by re-arranging 
the same kind and quantity of the several elements, may 
the various and unlike forms of matter which constitute the 
main products of vegetation be readily produced. 

Still the facility is only apparent. We can assure our- 
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selves of the fact of such conversions, because we can at 
will induce them. But who operates upon these substan- 
ces in the interior of the plant ? Whose mind and will di- 
rects these changes— prescribing when, where, and in what 
order they shall take place ? How much depends upon the 
refined and little understood mechanism of the vegetable 
structure — ^how much on the living principle itself! What 
is this living principle — ^how can it direct !* 

§ 7. (Df the fermentation of starch and sugar — and of the 
relatite circumstances under which cane and grape sugars 
generally occur in nature, 

"" It will be of use to us, in connection with the above trans- 
formations, to advert to the property possessed by starch 
and nearly all the known varieties of sugar of entering into 
fermentation under favourable circumstances. When flour 
is made into a paste with leaven or yeast it begins to rise 
and ferment, — sooner or later, according to the kind of flour 
and the quantity of ferment added. When to a decoction 
of malt or to a solution of starch or of cane or grape sugar in 
water a portion of yeast is added, fermentation is speedily 
induced ; and if not arrested by unfavourable circumstances 
it will continue until the whole of the starch or sugar 
disappears. 

In aU these cases it is grape sugar alone that undergoes 
fermentation.^ The starch of the m<Hst dough or of the 
solution is partially transformed into grape sugar before fer- 
mentation commences. Such is the case also with the de- 
coction of malt and with cane sugar. The fermentation 
commences soon after the first portion of grape sugar is- 
formed, and proceeds more or lei^ rapidly according as this, 
transformation is more or less speedily effected. Hence, in 
the art of brewing, the necessity of cautiously regulating 
the temperature by which this change of the starch and 
sugar is promoted and hastened. 

* " Canst thou by searching find out God — Canst thou find out thA 
Almighty unto perfection 1" 

t Rose, Poggen. ArmaLf lii. p. 297. 
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The fermentation itself is the result not of a mere tranS' 
formation of one form of matter into another having the 
same elementary constitution, but of a decomposition of one 
substance into two others unlike itself either in properties 
or in chemical composition. The grape sugar is resolved 
into alcohol (spirits of wine), which remains in the liquid, 
and into carbonic acid, which escapes in the form of gaa 
and causes the fermentation. Thus alcohol being repre- 
sented by C* H* O^, and carbonic acid by CO*, 
2 of alcohol = C« H"* O* and 

4 of carbonic acid = C* O' make up 



1 of grape sugar =C'aH^2 0>«. 
It is an interesting fact that the cane and grape sugars 
occur in nature in circumstances which are entirely con- 
sistent with the statement in the preceding section, regard* 
ing the action of acids on the former variety of this natu^ 
ral product. Fruits contain grape sugar, which increases 
in quantity as they ripen or become less sour. In the sugar 
cane, the beet root, and the maple and birch trees, ^ane 
sugar exists, but in their juices no acid is associated with 
the sugar. On the contrary, ammonia is known to be pre- 
sent in most of them along with the cane sugar. Hence it 
is inferred, that as in our hands and in our experiments cane 
sugar is changed by the agency of acids into grape sugar, 
and with remarkable ease by that acid which exists in the 
ripe grape, so it is in the interior of plants. Where sugar 
occurs in connection with an acid in the juice of a plant, 
it is grape sugar in whole or in great part, because in the 
presence of an acid body cane sugar cannot permanently 
exist, but is gradually transformed into the sugar of grapes. 
It thus appears also why fruits so readily enter into fermen« 
tation, and why, even when preserved with cane sugar, they 
will, in consequence of the acid they retain, slowly change 
the latter into grape sugar, and thus induce feripentation.* 

* Milk also, in favourable circumstances, as when kept at a tempev- 
ature of 100° F., undergoes fermentation, and in some countries erf* Ana 
a spirituous liouor is prepared from mares' and asses^ milk. In this 
case the milk first becomes sour, then Uie acid thus ibnned converts the 

15 
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§ 8. Of substances which contain Nitrogen. — GhOen^ Vegeta- 
ble Albumen^ and Diastase. 

The substances described i^ the preceding sections con- 
sist df carbon, hydrogen, and oxygen only, and of them the 
great bulk of the vegetable productions of the globe consists. 
Bttt there are certain other substances occurring along with 
starch and sugar, into which nitrogen enters as a coni^t- 
uent, and which, though not formed in the vegetable king- 
dom in very large quantity, are yet of such int^est and 
importance in other respects^ ^ to make it neces&ary short- 
ly to advert to them. 

1°. Gluten. — ^When the flour of wheat is made into a 
dough, and this dough is washed with water upon a fln^ 
sieve, a milky liquid passes through, from which starch gra- 
dually subsides. This has been already stated. But on 
the sieve, when th^ water ceases to go through railky^ th^e 
remains a soft adherent, tenacious and elastic substanccy 
whi(^ can be drawn out into long strings, has scarcely any 
colour, taste, or smell, and is scarcely diminished by wash- 
ing either with hot or with cold water. This substance is 
the gluten of wTieat. The flour of other kinds of grain also 
yield it by a similar treatment, though generally in much 
smaller quantity. This appears from the following tabic: — 
The grain of 

Wheat contains 8 to 85 per cent, of glutei. 

Rye 9 to 13 ** " 

Barley .... 3 to 6 " " 

Oats ..... 2 to 5 " ** 

When the moist gluten is dried in the air or at thotras- 
perature of boiling water, it diminishes much in bulk, and 
hardens into a brittle semi-transparent yellow substance re- 
sembling horn or glue. In this state it is insduble in water, 

milk sugar into grape sugar, and finally this sugar enters into fermenta- 
tion. This take6 puMte more readily in oonsequenoe of the presence of 
w decomposing cheesy maUer (easein) of the milk— «s is shewn byth^ 
fiict that the introduction of a aaaiali quantity of the omd of h^ into a 
lolotioQ o^gvapQ sugar will <»ui8« it to feiment 
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hut dissolves readily in vinegar, in alcohor either cold or 
hot, and in solutions containing caustic* potash, or soda. 

2°. Vegetable albumen. — To the white of egg the name 
of albumen {allms white) has been given by chemists. It 
possesses the well known property of coagulating or of 
forming a white solid insduble substance, When it is healed 
either alone or after being mixed with water. 

When the starch has subsided from the milky liquid 
which passes through the sieve in preparing the gluten of 
wheat, the water rests transparent and colourless above the 
white sediment. If this water be heated, it will become 
more or less troubled, and white films or particles will sepa- 
rate, which may be easily collected, and which possess all 
the properties of coagulated albumen, or boiled white of egg. 
To this substance the name of vegetable albumen has been 
given. When the fresh prepared gluten of wheat is boiled 
in alcohol a portion of albumen generally remains undis- 
eolved, shewing that water does not completely wash it out 
from the gluten. 

Vegetable albumen, when fresh and moist, has neither 
Oi^our, taste, nor smell, is insoluble in wkter or alcohol, but 
.. ^ssdives in vinegar and in caustic potash or soda. When 
dry it is brittle, more or less coloured, and opaque. In the 
seeds of plants, it exists only in small quantity — ^thus the 
grain oi 

Wheat contains f to 1^ per cent. 

Rye 2 to 3| " 

Barley . . . • ^V^o i " 

Oats i to I " 

It occurs more largely however in the fresh juices of 
i plants, in those of cabbage leaves, turnip roots^ and many 
I . ^ythers. When these juices are heated the albumen coagu^ 
lates and is readily separated. 

Gluten and vegetable albumen appear to be as closely re- 
lated as sugar and starch are to each other. Like these 
two substancespthey consist of the same elements, united ^ 
together in the same proportions, and are capable of similar 

* The common pearUask or soda of the shops b(Hled wkh quick-lim«. 
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mutual transformations. According to the most recent an- 
alyses, those of Dr. Scheerer, they consist of - 

Carbon = 54-76 

Hydrogen =?= 7-06 

Oxygen = 20*06 

Nitrogen = 18-12 

100 
When exposed to the air ib a moist state these substan- 
ces undergo decomposition. . They ferment, emit a most 
disagreeable odour, and produce, among other com^undsy 
vinegar and ammonia. 

• The important influence which ghiten and vegetable al- 
bumen are supposed to exercise over the nourishing proper- 
ties of the different kinds of food in which they occur, wiU 
be considered in a subsequent part of these lectures.* 

8°. Diastase, — ^When cold water is poured upon barley 
newly malted and crushed, is permitted to remain over it for 

* There occur in the animal ki]ig;dom — ^in the bodies of ammals — 
Ihi6e other forms of the substance above described under the names of 
gluten and vegetable albumen. These are. albumen or white of egg, al- 
ready mentioned, — casein^ the curd of cheese, — andfibrinf the substance 
of the muscular fibre (^animals. 

1'*. Casein. — When the curd of cheese is well washed with water, 
and then boiled in alcohol to free it from oily matter, it forms the oasem 
of chemists. While moist it is soft and colourless, but as it dries it har- 
dens, assumes a yellow colour, and becomes semitranspareBt. Even 
when moist it is perfectly insoluble either in cold or in hot water. It is 
soluble, however, in water contnininfir vinegarj or to which a little car- 
bonate of potash or soda has been added. It may be kept for any lem^ 
of time in a diy place, without undergoing decay. The changes under- 
gone by old cheese are chiefly due to the oily and other substances with 
which the curd is mixed. It has been remarked, that when the gluten 
cf wheat is left for a length of time in a moist state it undergoes a kind 
of fermentation and grsuiually acquires the smell and taste of cheese 



2°. i7wtw.-""When lean beef or mutton is long washed in water tSL 
it becomes colourless, and is then boiled in alcohol to separate the 
fitt, a colourless, elastic, fibrous mass is obtained, which is the fibrin of 
chemists. In recently drawn blood it exists in the liquid state, but coa- 
gulates spontaneously when exposed to the air, and forms the greater 
part of the clot of blood. It dissolves in a solution of caustic potash or of 
nitre, and in vinegar. 

3^. AUfwnen.'-^hia substance in the liquid state exists in the white 
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a quarter of an hour, ilt'theB poured off, filisred, eva^rated 
to a small balk overboiiitig water, again £kered if necassary^ 
and then mixed with much alcohol, a white tasteless pow4er 
falls^— to which the name cf dta9i€tse has been given. 

of egg, and in the serum of the blood. It coagulates by heatingto 160® P., 
or if previously mixed with water by raisinj^ to 212° F. 

These three substances, in addition to their well known sensible pro- 
perties, arc distinguished as follows : 

1°. Liquid casein in milk, is not coagulated by heatinr alone — the 
addition of rennet orof a little «Gid {vinegar or spirit of salt} is neceM»- 
ly, when it curdles readily. 

2°. Liquid albumen in white of egg, coagulates by heat alone, em 
when an eg^ is put into hot water. 

3°. Liquid fibrin in the blood coagulates by mere exposure to the air, 
or more rapicfly by agitation in contact with the air. 

Like starch ana sugar these three substances are mutually converti- 
ble by known me€ins. Thus^^^w, if unboiled, dissolves by oigestion at 
80° F. in a saturated solution of nitie, and acquires the properties of 
liquid aUmmen; and if to liquid 4iibumen a little caustic potash oe added, 
and afterwards jnuch alcohol, it will be thrown down in the form ana 
with the properties of casein. 

All these substances appear to contain the same organic constituents 
in the same proportions. 

Boussingault first shewed the identity in chemiccd constitution of d»> 
ten and vegetable albumen.* Mulder afterwards proved a similar iden- 
tity between vegetable albumen and the white of egg, fibrin, and casein.t 
]Viulder supposes them to differ from each other by the presence in un- 
like quantities of a smsdl admixture of sulphur, phosphorus or phosphate 
oflin^. 

Those who are not familiar with the history and with the nature of 
chemical research, can form no idea of the time and labour which hag 
by different chemists been expended on this one branch. The perseve- 
ring industry of Dr. Mulder, of Rotterdam, appeared to have clecu%d up 
the entire sumect by a long series of investigs^ons and analyses,! when 
first Vo^l, then Frosper Denis, and latest Liebig and Dr. Scheerer. 
have arrived at different residts. Our ideas are thus Ji^ain unfixed, ana 
ourpartial generalizations set aside for future emendation. 

Tne analysis inserted in the text, as representing the composition of 
gluten and vegetable albumen, is thGit given by Dr. Scheerer for the 
purest form of fibrin. I have selected it in preference to the results either 
of Boussingault or of Mulder, because it is the most r^nL and has 
been obtained with a knowledge of all the previous re^arches, — and 
assuming jthe chemical identity of thia entire group of substances, is thv 

[♦ Pog. An. xl. p. 953.] 
[t Ann. de Chun, et de Phys. Ixv. p. 301 .] 

[^ For an outline of his results, seeBerxeUus Arsber4ttle8e,l639, p.6U.] 
15* 
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If unmalted barley be so treated no diastase is obtained. 
This substance, therefore, is farmed during the process of 
malting* 

If wheat, or barley, or potatoes, which by steeping in 
water yield no diastase, be made to germinate (or sprout), 
and be afterwards bruised and treated as above, diastase 
will be obtained. It is therefore produced during germt' 
nation. 

If the shoot oi a potatoe be cut ofi* within half an inch 
of i^ base, this lower portion with the part of the potatoe 
to which it is immediately attached, separated from the 
, rest — and the three parts (the upper portion of the shoot — 
the lower portion with its attached fragment of potatoe-* 
and the remaining mass of the potatoe) treated with wa- 
ter, — only that portion will yield diastase in which the base 
irf* the shoot is situated. When a seed sprouts, therefore, 
this substmnce is formed at the base of the germ^ and there 
remains during its growth. 

If the same portion of the potatoe, or if the grain of bar- 
ley cn: wheat is examined, when the first true leaves of the 
f^nt have been fully formed and expanded, the diastase 
will be found to have in great part, if not entirely, disap- - 
peared. This substance, therefore, is first formed when the 
seed begins to sprout, performs a function which makes its 
presence necessary at the baSe of the germ, and which 
function being discharged when the true leaves are formed, 
it then disappears. What is the nature of this temporary 
function, why the diastase must reside at the base of the 
sprout in order to discharge it, and why it should so early 
cease, will appear from a detail of the properties of this 
singular substance. 

Properties of diastase, — If the solution obtained from 
malt be digested with potatoe, flour, or other starch, at a 
temperature between 120® and 140° F., the latter will gra- 

most likeljr to represent their constitution with accuracy. It differs from 
the analysis of Mulder orU/y in stating the nitrogen at 2 per cent, higher 
than was done by that chemist. The recent improvements in the mode 
♦f determining the true quantity of nitrogen in organic substances, ap- 
pear to justify us in expecting the result m Scheerer to be in this respect 
the more correot 
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dually dissolve and will form a colourless trandparent solu- 
tion. When this solution is carefully evaporated a yellow- 
ish white powder is obtained, perfectly soluble in water, to 
which the name of dextrine* has been given. This dex« 
trine ha» the same composition as starch. It is merely 
starch changed or transformed in such a way as to become 
soluble is cold water, — a change analogous to that which it 
undergoes by simply boiling in water. 

But if the digestion be continued after the starch is dis- 
solved, the solution will gradually acquire a sweet taste^ and 
if it be now evaporated it will yield, instead of dextrine, a 
mixture of gum and grape sugar. And if the digestion be 
stiU fur^er prolonged, the whole of the starch will be con- 
verted into grape sugar only.f 

Thus diastase (like sulphuric acid) possesses the property 
of transforming starch entirely — first into gum, aiid th«a 
into grape sugar. The intermediate stage of dextrine has 
not been recognised in the action of sulphuric acid, nor is it 
easy to arrest the action of diastase exactly at this point— 
the most carefully prepared dextrine always containing a 
mixture of gum and sugar. One part of diastase will con- 
vert into sugar 2000 parts of starch. 

A solution of diastase, when allowed to stand, soon undar- 
goes decomposition, and after being boiled, it has no further 
effect upon starch. It has not been analysed, because it is 
difficult to obtain it in a pure state. It contains nitrogen, 
however, for, when moistened and exposed to fee air, it 
j^composes, and, among other products, yields ammonia, j: 

The functions of diastajse — one of the purposes at least 
for which it is produced in the Uving seed, and situated at 
the base of the germ — ^will now be in some measure under- 
stood. The starch in the seed is the food of the future 
germ, prepared and ready to minister to its wants whenever 
heat and moisture concur in awakening it to life. But 

y 
* Because its solution turns to tke right a ray of polarized light when 
passed through it. 

t See above § 6, p. 166. 

t It will be recollected that ammonia contains nitrogen, being repre- 
sented by N H2. See Lecture HI., p. 68. 



Digitized by VjOOQIC 



A' 



176 * FUBPOSBS SBSVBD BY DIASTASB. 

starch is itself insoluble in water, and could not, therefore^ 
accompany the fluid sap when it begins to move and <m^ 
culate. For this reason diastase is formed at the point 
where the germ first issues from the mass of food. There 
it transforms the starch, and renders it soluble, so that the 
young vessels. can take it up and convey it to the point of 

,' growth. When the starch is exhausted its functions cease. 
It is then itself transformed and carried into the general 

' circulation. Or when, as in the potatoe, much more starch 
is present than is in many cases requisite, its function 
ceases long before the whole of the starch disappears. Its 
presence is necessary only until the leaves and roots are 
fully formed — ^when the plant is enabled to provide for it- 
self, and becomes independent of the starch of the seed. 
When this period arrives, therefore, the production of dias- 
tase is no longer perceived. 

This I have said is one of the purposes which appears to 
be served by diastase in the vegetable economy. That it is 
the only one we have no reason to believe. There may be 
others quite as interesting which we do not as yet understand. 
This is rendered more probable by the fact that the diastase 
contained in one pound of malted barley is capable of con- 
verting into siigar five pounds* of starch. (Liebig.) And 
though at the temperature • at which the seed germinates, 
more of this substance may be necessary to transform the 
same weight of starch than is required in our hands, when 
aided by artificial heat, — ^yet as we never in the ordinary 
course of nature find any thing superfluous or going to 
waste, there is reason to believe that the diastase may be 
. intended also to contribute directly to the nourishment and 
//ll growth of the plant. As it contains nitrogen, it must be 

* It is the diastase in malt which dissolves the starch of the barley in 
the process of brewing, but as the diastase contained in malt is suffi- 
cient to dissolve so large* a quantitv of starch, it is obviously a waste of 
labour to malt the whole of the barley employed. One of malt to three 
of barley would probably be sufficient in most eases to obtain a wort 
contaimng the whole of the starch in solution. Advantage is taken of 
this property in the manufacture of the white beer of Louvain, and of 
other places in Flanders, and in Germany, where the light colour is se- 
cured by adding a large quantity of flour to a decoction of a small quan- 
tity of barley. ^ 
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derived from the gluten or vegetable albumen of the seed ; 
and as a young plant of wheat, when already many inches 
from the ground, contains no more nitrogen than was origi- 
nally present in the seed itself (Boussingault), this diastase 
may only be the result of one of those transformations of 
which gluten"* is susceptible, and by which it is rendered 
soluble, and capable of aiding in the production of those 
parts of the substance of the growing plant into which ni- 
trogen enters as a necessary constituent. 

ft may not be uninstructive if we pause here for a mo- 
ment and consider the beauty of the arrangements we have 
just been describing. In passing through a new and inter- 
esting country we do not hesitate, at times, to stop and 
gaze, and leisurely admire. We cannot otherwise fully re- 
alize and appreciate its beauty. So in the domains of sci- 
enccj we cannot be ever hurrying on — ^we must linger occa- 
sionally, not only that we may more carefully observe, but 
that we may meditate and feel. 

You see how bountifully nature has provided in the seed 
for the nourishment of the young plant, how carefully the 
food is st&ted up for it, and in how imperishable a form — 
how safely covered also and protected from causes of flicay ! 
For hundreds of years the principle of life will lie dormant, 
and for as many the food will remain sound and undimin- 
ished till the time of awakening comes. Though buried 
deep in the earth, the seed defies the exertions of cold or 
rain, for the food it contains is unaffected by cold and ab- 
scdutely insoluble in water. But no sooner is the sleeping 
germ recalled to life, by the access of air and warmth and 
duly tempered moisture, than a new agent is summoned to 
its aid, and the food is so changed as to be rendered capable 
of ministering to its early wants. The first movement of 
the nascent germ — (and how it moves, by what inherent or 
impartial force, who shall discover to us ?) — is the signal for 
the appearance of this agent— diastase— -of which, previous 
to germination, no trace could be discovered in the seed. 
At the root of the germ, where the vessels terminate in the 

* That diastase is merely transformed gluten we cannot say, because 
the exact chemical constitution of diastase is as yet unknown. 
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larinaceous matter, exactly where it is wanted, this sub- 
stance is to be found ; — ^there, and there only, resolving and 
transforming the otherwise unavailable store of food, and 
preparing it for being conveyed either to the ascending 
sprout or to the descending root. And when the necessity 
for its presence ceases— when the green leaf becomes de- 
veloped, and the root has fairly entered the soil — ^when the 
plant is fitted to seek food for itself — ^then this diastase dis- 
appears, it undergoes itself a new conversion, and is pre- 
pared in another form to contribute to the further increase 
of the plant. 

How beautiful and provident are all these arrangements ! 
— how plastic the various forms of organic matter in the 
hands of the All-Intelligent ! — how nicely adjusted in time 
and place its diversified changes! What an apparently 
lavish expenditure of forethought and kind prevision, in be- 
half even of the meanest plant that grows ! 

§ 9. Vegetable acids. — Acetic acid. Oxalic acid, Tartaric 
addf Citric acidj Malic acid. 

Aether class of compound substances remains to be 
dbortly considered, — those, namely, which possess sour or 
acid properties, and which are known to be present in large 
quantity in many plants, and more especially in the greater 
number of unripe fruits. They do Qot, taken a& a whole, 
form any large portion of the entire produce, either of the 
general vegetation of the globe or of those plants which are 
cultivated for food; yet the growth of fruit — as in the 
grape, orange, and apple countries — is sufficiently extensive, 
and the general interest in the cultivation of fruit trees 
sufficiently great, to require that the nature of the sub> 
stances contained in fruits, and the peculiar changes by 
niiich they are formed, should be in aame measure con- 
sidered and explained. 

I. ACETIC ACID. 

Acetic add or vinegar is the most extensively diffiised, 
and the most largely produced, of all the organic acids. It 
is formed during the germination of seeds, and it exists m 
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the juices of many plants, but it is most abundantly evolved 
during the fermentation, whether natural or artificial, of 
nearly all vegetable substances. When pure it is a colour- 
less liquid, having a well known agreeably acid taste. It 
may be boiled and distilled over without being decomposed. 
The vinegar of the shops is generally very much diluted, 
but it can be prepared of »ich a strength as to freeze and 
become sdid at 45° F., and to blister the skin and produce 
a sore when applied to any peu^ of the body. When 
mixed with water it readily dissolves lime, magnesia, alu- 
mina, ^c, forming salts called acetates^ which are all solu- 
ble in water, and may, therefore, be readily washed out <^ 
the soil or of compost heaps by heavy falls of rain. 

When perfectly free from water, acetic acid consists of — 

Carbon . . 47*5 per cent, or 4 atoms. 

H3rdrogen . . . 5*8 per cent, or 3 atoms. 

Oxygen . . . 46-7 per cent, or 3 atoms. 

100 
It is therefore represented by the formula C* H* O^ — 
' in which, as in those given in the preceding sections for 
starch, sugar, ^c, the numbers representing the atoms of 
hydrogen aiid oxygen are equal, and consequently these 
elements are in the proportion to form water. Hence, 
vinegar, like sugar, may be represented by carbon and 
water. 

Let us consider for a moment the several processes by 
which this acid is usually formed. 

1°. By the distillation of wood, — ^Thisa method by which 
wood vinegar— often called pprdigneous acid — is prepared 
in large quantity. Wood which has been dried in the air 
is put into an iron retort and distilled. The principal pro- 
ducts are vinegar, water, and tarry matter. The decom- 
position is of a complicated description, but by comparing 
the constitution of woody fibre with that of vinegar, we can 
readily see the nature q£ the changes by which the latter is 
produced. 

Woody Fibrk is «= C»a H» 0« 
3 of Vinegar aie — C** H» 0» 



Difierence = H> 0» ; or the ele. 
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ments of one atom of water. One portion of the woody 
fibre, therefore, combines with the elements of an atom of 
water, obtained by the decomposition of another portion, and 
thus vinegar is produced. 

2®. Manufacture of Vinegar from Cane Sugar, — ^It is a 
well known fact in domestic economy, that if cane sugar 
be dissolved in water, a little vinegar added to it, and the 
solution kept for a length of time at a moderate tempera- 
ture, the whole will be converted into vinegar without any 
sensible fermentation. This process is frequently followed 
in the preparation of household vinegar, and was formerly 
adopted to ^ome extent in our chemical manufactories. It 
will be recollected that we represented 

Cane Sugar by C»a H' • O' •, while 

3 of Vinegar = C'« H» O* 



Difference H* OM or the elements 

of an atoni of water, which cane sugar must lose in order to 
he converted into vinegar. Whether the change in this 
incrtance takes place by the direct conversion of cane sugar 
into vinegar, or whether the former is previously trans- 
formed into grape sugar, has not been satisfactorily deter- 
mined. 

8°. Manufacture of Vinegar from Alcohol. — ^In Germa- 
ny, where common brandy is cheaper than vinegar, it is 
found profitable to manufacture this acid from weak spirit. 
For this purpose it is mixed with a little yeast, and then al- 
lowed to trickle over wood shavings moistened with vine- 
gar, and contained in a cask, the sides of which are perfo- 
rated with holes for the admission of a current of air. By 
^is method oxygen is absorbed from the air, and in 24 
hours the alcohol in the spirit is converted into vinegar and 
water. 

The explanation of this process is also simple, alcohol 
being represented by C* H« O*. Thus — 



Alcohol = C*H«0«1 
4 of Oxygen = O* 



Sum C* H« 0» 



VlNBGAR=C*H303 
3ofWATER = H'O^ 



Sum =C*H»0« 
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40* Production of Vinegar by fermentatum. — ^When vege- 
table matters are allowed to, ferment, carbonic acid is given 
off and vinegar is formed. In such cases this acid is the 
result of a series of changes, during which that portion of 
the vegetable matter which has at length reached the state 
of vinegar has most probably passed through the several 
previous stages of grape, sugar, and alcohol. The carbonic 
acid, as has already been explained (p. 169),^ is given off 
during the fermentation of the grape sugar, and the conse- 
quent formation of alcohol. 

To simple transformations, similar to those above de- 
scribed, we can trace the origin of the vinegar which is met 
with in the living juices of plants, and among the products 
of their decay. 

II.— TAKTARIC ACID. 

The grape and the tamarind owe their soprness to a pe- 
culiar acid to which the name ot tartaric acid has been 
given. It is also present,^ along with other acids, in the 
mulberry, in the berries of the sumach {rhus coriarii)^ and 
in the ^sorrels, and has been extracted from the roots of the 
couch-grass and the dandelion. 

When new wine is decanted from the lees, and set aside 
in vats or casks, it gradually deposits a ];iard crust or tartar 
on the sides of the vessels. Thia substance is known in 
commerce by the name of argol, and when purified is fa- 
miliar to you as the cr^im of tartar of the shops. It is a 
compound of tartaric acid with potash, and from it tartaric 
acid is extracted for use in medicine and in the arts. The 
principal use of the acid is in certain processes of the calico 
printers. 

The pure acid is sold either in the form of a white pow- 
der or of transparent crystals, which are colouriess, and 
have an agreeable acid taste. It dissolves readily in water, 
and causes a violent effervescence when mixed with a solu- 
tion of the carbonate of potash or of soda. As it has no 
injurious action upon the system, it is extensively used in 
artificial soda powders and effervescing draughts. When 
added in sufficient quantity to a solution containing potash, 
16 
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it ciHises a white ciystaUine powder to fall^ which is cream 
of "tartar (or bitartrate of potash), and from lime water it 
&OWS down a white chalky precipitate oi tartrate of Ume* 
Both of these compounds are present in the grape. 
When pforfectl^free from water this acid consists of — 

Carbon ; . = 3681 or 4 atoms. 

Hydrogen . . ' = 3-00 or 2 atoms. 

Oxygen , . =60-19 or 5 atoms. 

100 
It is, therefore, represented by the formula C* H* O*. 

If WQ compare the numbers by which the atoms of hy- 
drogen and oxygen in this acid are expressed, we see that 
these elements are not in the proportion to form water, and 
that this substance, therefore, cannot, like so many of those 
we have hitherto had occasion to notice, be represented by 
carbon and the elements of water alone. 
It may be represented by ' 

4 of Carbon • • = C* ) 

SofWATEK . . =^ H^ 02 Wr, 4C + 2H0 + 30 
and 3 of Oxygbn . . = O^ S * 



Tartaric Acid =^C* H« 0« 
And, though this mode of representation does not truly ex- 
hibit the constitution of the acid, inasmuch as we have no 
reason to believe that it really contains water as such — ^yet 
it serves to show very clearly that in the living plant this 
acid cannot be formed direcdy from carbon and the elements 
of water, as starch and sugar may, but that it requires also 
three atoms of oxygen in excess to every five of icarbon and 
two of water. We shall, in the following lecture, see how 
nicely the functions of the several parts of the plant are ad- 
justed, — at one period to the formation of this acid, and at 
another to its conversion into sugar during the ripening of 
the fruit. 

in.— CITRIC ACID OR ACID OP LEMONS. 

This acid gives their sourness to the lemon, the lime, the 
orange, the cr»nber«y, the red whortleberry, the bird-cherry, 
and the fruils of the dog-rose and the woody night-shade. 
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It is sho found in some roots^ as in those of the dahlia pin- 
nata, and the asarum europsBum {asarrah€uxa\ and mixed 
with much malic acid, in the currant, cherry, gooseberry, 
ra£f>berry, strawberry, common whortleberry, and the fruit 
of the hawthorn. 

When extracted from the juice of the lemon or lime, and 
afterwards purified, it forms transparent colourless crystals, 
possessed of an agreeable acid taste ^ efifervesces like tar- 
taric acid with carbonate of soda, and like it, therefore, is 
much employed' for efielrvtocing draughts. With potash it 
forms a soluble salt, which is a citrate of poUuhj and from 
lime water it throws down a white, nearly insoluble, sedi- 
ment of citrate oflime^ which re^dissolves when the acid is 
added in excess. In combination with lime it exists in the 
tubers, and with potash in the roots, of the Jerusalem arti- 
choke. 

When free from water, citric acid consists of 

Carbon . . 41*49 = 4 atoms. 

Hydrogen . . 3-43 = 2 atoms. 

Oxygen ... 55*08 = 4 atoms. 

100 
and is therefore represented by C* H* O*. 

This formula differs from that assigned to the tartaric 
acid only in containing one atom of oxygen less, O* instead 
of O*. In the citric acid, therefore, there are 2 atoms of 
oxygen in excess, above what is necessary to form water 
with the 2 of hydrogen it contains. 

IV. ^MALIC ACID. 

The maUc and oxalic acids are more extensively difilised 
in liviing plants than any other vegetable acids. If acetic 
acid be more largely formed in nature, it is chiefly as a pro- 
duct of the decomposition of organic matter, when it has al- 
ready ceased to exist in, or to K>rm part of, a living plant* 

Alon^ with the citric acid, it has been already stated that 
the malic occurs in many fruits. It is found more abun- 
dantly, however, and is the chief cause of the sour taste, in 
the unripe apple,* the plum, the sloe, the elderberry, the 

« Hei^ce its nax^e maUc acid. 
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barberry, the fruit of the mountain ash, and many others. 
It is associated with the tartaric acid in the grape and in 
the Agave americana. 

This acid is not used in the arts or in medicine, and 
therefore is not usually sold in the shops. It is obtained 
most readily, in a pure state, from the berries of the moun- 
tain ash. It forms colourless crystals, which have an 
agreeable acid taste. It combines with potash, soda, lime, 
and magnesia, and forms malates, and, in combination with 
one or more of these bases, it usually occurs in the fruits 
and juices of plants. The malate of lime' is soluble, while 
the citrate, as already stated, is nearly insoluble, in water. 
This malate exists in large quantity in the juice of the 
house-leek {sempervhmm tectorum) in the Sedum telephium, 
the Arum maculatum, and many other juicy and fleshy, 
leaved plants. 

When perfectly free from water, the malic acid hat ex- 
actly the same chemical constitution as the citric, and is 
represented by the same formula C* H* O*. These two 
acids, therefore, bear the same relation to each other as we 
have seen that starch, gum, and sugar do. They are what 
chemists call isomeric^ or are isomieric bodies. We cannot 
transform them, however, the one into the other, by any 
known means, though there is every reason to believe that 
they may undergo such transformations in the interior of 
living plants. Hence probably one reason also why the 
malic and citric acids occur associated together in so many 
different fruits. 

v.— OXALIC Acin. 

This acid has already been treated of, and its properties 
and composition detailed, in a preceding lecture (Lecture 
III. p. 61). It forms colourless transparent ci^stals, having 
an agreeably acid taste, and it effervesces with the carbon- 
ates of potash and soda, but on account of its poisonous 
qualities, it is unsafe to administer it as a medicine. It oc- 
curs in combination With potash in the sorrels, in rhubarb, 
and in the jliices of many lichens. Those lichens which 
incrust the sides of rocks and trees» not unfrequently con« 
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tain half their weight of this acid in combination with linie* 
It can be formed artificially by the action of nitric acid on 
starch, flugar, gum, and many other organic substances. 

When perfectly free from water, oxalic acid contains no 
hydrogen ; but consists of-^— 

Carbon . . ^ . 3375 = 2 atoms. 
Oxygen . . . 66*25 = 3 atoms. 

100 
and it is represented by C^ O^. When heated with strong 
sulphuric acid, it is decomposed and resolved into gaseous 
carbonic acid (C O* ) and carbonic oxide (C O) in equal 
volumes. . This change is easily understood since C O^ + 

§ 10. General observations an the substances of which plcmts 
cJuefiy consist. 

It may be useful here shortly to review the most impor- 
tant facts and conclusions which have been adverted to in 
the present lecture. 

1°. The great bulk of plants consists of a series of sub- 
stances capable of being represented by and consequently of 
being formed in nature from, carbon and the elements of 
water only. Such are woody fibre, starch, gum^ and the 
several varieties of sugar (p. 162).^" 

2°. Yet the crude mass of wood, as it exists in a full- 
grown tree, containing various substances ii^ its pores, can* 
not be represented by carbon and the elements of water 
dUme, It appears always to contain a small excess of hy« 
drogen, which is greater in some trees than in others. 
Thus in the ch^nut and the lime, this excess is greats 
than in the pines, while in the latter it is greater than in 
the oak and the ash.'*' 

3^. These substances are, in many cases, mutually con- 
vertible even in our hands. They are probably, thereforOf 
still more so in nature. 

It is to be observed, however, that all the transformations 

♦ For a series of analyses of different kinds of wood by Petersen and 
Schodler, see Thomson's Organic Chemistry^ p. 849. 
16* 



Digitized by QjOOQlC 



186 STARCH COmrESTED INTO WOODT FIBBE. 

we can as yet effect are in one direction only. We can 
produce the above compounds from each other in the order 
of lignin or starch, gum, cane, sugar, grape sugar — that is, 
we can convert starch into gum, and gum into sugar, but 
we cannot reverse the process, so as to form cane from 
grape sugar, or starch from gum. 

The only apparent exception to this statement with 
which we are at present acquainted, occurs in the case of 
starch. When this substance is dissolved in cold concen- 
trated nitric acid, and thea mixed largely with water, a 
substance* falls to the bottom which is a compound of the 
nitric acid with woody fibre (C^ H^ 0')«t In this in- 
stance, if the above observation is correct, there appears to 
be an actual conversion of starch into woody fibre. 

But what tee are as yet unable to perform may, neverthe- 
less, be easily and constantly effected in the living plant. 
Not only may what is starch in one part of the tree be 
transformed and conveyed to another part in the form of 
sugar, — ^but that which, in the form of sugar or gum, passes 
upwards or downwai;ds with the circulating sap, may, by 
the instrumentality of the vital processes, be deposited in 
the stem in the form of wood, or in the ear in that of starch. 
Indeed we know that such actually does take place, and 
Ihsi we are still, therefore, very far from being able to imi- 
tate nature in her power of transforming even this one 
group of substances only. 

40. Among, or in connection with, the great masses of 
vegetable matter which consist mainly of the above sub- 
stances, we have had occasion to notice a few which con- 
tain nitrogen as one of their constituents — and which, though 
forming only a small fraction of the products of vegetable 
growth, yet appear to exercise a most important influence 
in the general economy of animal as well of vegetable life. 
The functions performed by diastase in reference to vegeta- 
ble growth, and to the transformations of organized vegeta- 
ble substances, have already been in some measure iHus- 

♦ The -Xy^rfm of Braconnot 

t Pelouze, see Berzelius Arsberdttetse^ 1839, p. 416. 
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trated, — we shall hereafter have an opportunity of consider* 
ing more fully the influence which gluten and vegetahle 
albumen exercise over the general efficiency of the products 
of vegetation .in the support of animal life, and over the 
changes which these products must undergo, before they 
can be converted into the substance of animal bodies. In 
a former lecture (Lecture IV. p. 91), I have had occasion 
to draw your attention to the comparatively small proper- 
tion in which nitrogen exists in the vegetable kingdom, and 
to show that it must nevertheless be considered as much a 
necessary and constituent element in their composition as 
the carbion itself ; the very remarkable properties we have 
already discovered in the compounds above mentioned 
strongly confirm this fact, and illustrate in a striking man- 
ner the influence of apparently feeble and inadequate causes 
in producing important natural results. 

5**. With the exception of acetic acid, which in constitu- 
tion is closely related to sugar* and gum, all the acid sub- 
stances to which it has been necessary to advert, contains 
an excess of oxygen above what is necessary to form water 
with the hydrogen they contain. Thus 

ViNEGAB = C* H' O^ contains no excess of oxygen, 

Tabtabic Acid = C*H*0* . • . 3 of oxygen in excess. 

Malic Acid i ^^, H« O* . . . 2 

CiTBic Acid J 

Oxalic Acid = C« O' . . . 3 



It requires a little consideration to enable us to appreciate 
the true importance of these and other organic acids, in the 
vegetable economy. At first sight they appear to form a 
much smaller part pf the genera) products of vegetation 
than is really the case. We must endeavour to conceive 
the quantity actually produced by a single tree loaded wiA 
thousands of lemons, oranges, or apples, — or again how 
much is formed during the growth of a single comparatively 

* It is identical in constitution with caramel (p. l&7y-4ht uncryt- 
tallizable sugar of syrups. For . , 

Vinegar. Caramel. 

(C* W 08 >C3) = C«»H« O*. 
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small plant of garden rhubarb in spring, if we WQuld obtain 
an adequate idea of the extent to which these acids are con- 
stantly formed in nature. On the other hand, we must 
recollect also that the greater portion of th^ acid of fruits 
disappears as they ripen, if we would understand the true 
nature of the interest which really attaches to the study of 
these substances, of the changes to which they are liable, 
and of the circumstances , under which in nature these 
changes take place. 

6°. I will venture here to draw your attention for a mo- 
ment to the nature and extent of that remarkable power 
over matter, which the chemist, as above explained, appears 
to possess. Such a consideration will be of value not only 
in illustrating how far we really can now, or may hereafter, 
expect to be able to influence or control natural opera- 
tions,"* but what is probably of more value still, in exhibit- 
ing the true relation which man bears to the other parts of 
creation ; and, therefore, in some measure, the true portion 
he is intended to occupy among them. 

1**. We have seen that the chemist can transform certain 
substances one into the other, in a known order ; but that 
as yet he cannot reverse that order. Thus far his power 
over matter is at present limited ; but this limit l^e may at 
some future period be able to overpass, and we know not 
how far. The discovery of a new agent, or of a new mode 
of treatment, may enable him to accomplish what he has 
not as yet the nleans or the skill to perform* 

2^. He has it in his power to form, actually to produce, 
some of the organic or organized subsntances which occur in 
living plants. He can form gum, and grape sugar, in any 
quantity. Thus far he can imitate and take the place cf the 
living principle itself 

Numerous other cases are known, in which he di^)lays a 
similar power. By the action of niteic acid upon starch j* or 
sugar, he can fona occalic acid^ which, as has already been 
shewn, occurs very largely in the vegetable kingdom. By - 
the action of heat upon citric acid, he can decompose it and 
produce an acid which is met with in the Wolfsbane (Acon- 

* Se« Lecture II., p. 37. t See Lectare III., p. 61. 
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itum napellus), and hence is called aeoniHc acid,* Also 
by the^action of sulphuric acid he can change stdicine and 
phhrizine — substances extracted respectively from the bark 
of the willow and from that of the root of the apple tree — 
into a resinous matter and grape sugar. So, of the com- 
pounds which are found in the solids and fluids of animal 
bodies, there are some, which he has also succeeded in form- 
ing by the aid of his chemical art. 

Elated by such achievements, some chemists appear wil- 
ling to hope that all nature is to be subjected to their do- 
minion, and that they may hereafter be able to rival the liv- 
ing principle in all its operations. It is trjie that what we 
now know, and can accomplish, are but the beginnings of 
what we may fairly expect hereafter to effect. But it is of 
consequence to bear in mind the true position in which we 
now stand, and the true direction in which all we at present 
know seems to indicate that our future advances in know- 
ledge, and in control over nature, are likely to proceed. And 
this leads me to observe — 

3°. That our dominion is at present limited solely to 
transforming and decomposing. We can transform woody 
fibre into gum or sugar — we cannot form either gum or sugar 
by the direct union <f their elements. We can tesdlve rali- 
cine by the acid of sulphuric acid into resin and grape sugar ; 
bat we cannot cause the elements of which they consist to 
unite together in our hands, so as to form any one of the three* 
We cannot even cause the resin and the sugar to re-unite 
and rebuild the salicine from which they were derived. 

So we can by heat drive off the elements of water from 

* These two acids differ from eaeh other only by the elements of an 
litom of water. Thus 

Citric Acid . . . = C< H* O* 
Acoiutic Acid . . = C* H> O^ 



Difference . . . . = H» 0» or HO, one of water. 
It is easy to see, therefore, how, by the erohition of the elements of 
an atom of water, the one acid may be changed into the other. The 
scientific reader will excuse me (if on the grounds of simplicity alone) 
for representing, both here and m the text^ the citric acid b^ C* H* 
O instead of by C" H» 0" + 3 HO, which Liebig and his pupils 
prefer. 
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the citric and cause the aconitic acid to appear ; but we 
cannot persuade the unwilting compounds, when thus sepa- 
rated, to return to their former condition of citric acid ; and, 
if we could, We should still be as far removed from the pow- 
er of commanding or compelling the direct union of carbon, 
hydrogen, and oxygen, in such prc^rtions, and in such a 
way, as to build up either of the two acids in question. 
' Again, we can actually form ox^Llic acid by the action of 
nitric acid upon starch, .or wood, or sugar, or any other of a 
great variety of vegetjable substances — ^but we cannot pre- 
pare it by the direct union of its elements. We can only as 
yet procure it from substances which have already been or^ 
ganized — which have been themselves produced by the 
agency of the living principle. 

The same remarks apply with slight alteration to those 
substances of animal origin, to which I have above alluded 
as being within the power of the chemist to produce at will. 
There is hardly an exception to the rule, that in producing 
organic substances, as they are called, the chemist inust 
employ other organic substances which are as yet beyond 
his art— --which, so far as we know, can only be formed un- 
der the direction of the living principle. Thus the sum of 
the chemist's power in imitating organic nature consists, at 
present, in his ability— 

1°. To transform one substance found oaily in the orga- 
nic kingdom into some other substances, produced more or 
less abundantly in the same kingdom of nature. This 
power he exercise when he converts starch into sugar, or 
Abrin into albumen ot casein. 

^°. To resolve a more complex or compound . substance 
into two or mor^ which .are less so, and of which less com- 
plex substances some may be known to occur in vegetable 
or animal bodies. 

3°. To decompose organic compounds by means of his 
chemical agents, and as the result of such decompositions 
to arrive at one or more compounds, such as are formed un< 
der the direction of the living principle. 

In no one case can he form the substances of tohich anu 
mals and plants chiefiy consist^ out of those on which animals 
and plants chiefly live. 
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But this is the common and eveiy-day result of the agen- 
cy of the living prii^ciple. Is there as yet, then, any hope 
that the chemical laboratory shall supersede the vascular 
system of animals and plants ; or that the skill of the che- 
mist who guides the operations within if, shall ever rival that 
of the principle of life which presides over the chemical 
changes that take place in animal and vegetable bodies ? 

The true place, therefore, of human skUl — the true pros- 
pects of chemical science— are pointed out by these consid- 
erations. No science has accumulated so many and such 
various treasures as chemistry has done during the last 20 
years — none is at present so widely extending the bounds of 
our knowledge at this moment as the branch of organic che- 
mistry — ^men may therefore be excused for entertaining 
mor^ sanguine expectations from the progress of a. favourite 
science than sober reasoning would warrant. Yet it is of 
importance, I think, and especially in a moral point of view, 
that amid all our ardor, we should entertain clear and just 
notions of the kind and extent of knowledge to which we 
are likely to attain, and — ajs knowledge in chemistry is reaU 
ly power over matter — to what extent this power is likely 
ever to be carried. • 

At present, if we judge from our actual knowledge, and 
not from our hopes — there is no prospect of our ever being 
able to imitate or rival living nature in actually compound- 
ing from their elements her numerous and varied produc- 
tions. That we may clearly understand, and be able tp ex- 
plain many of her operations, and^even to aid her in effect- 
ing them, is no way inconsistent with an inability to imitate 
her by the resources of art. This will, I trust, appear more 
distinctly in the subsequent lecture. 
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Chemical changjes by which the substances of ^hich plants chiefly con- 
sist are form^ from those on which they live. Changes during germi- 
nation—during the gfowth of the plant — during the ripening of fruit 
Autumnal changes. 

Having thus considered the nature and chemical consti- 
tution of those substances which constitute by far the largest 
part of ihe solids and fluids of living vegetables, we are now 
prepared for the further question — by what chemical changes 
these substances of which plants consist, are formed out of 
those on which they live. 

The growth of a plant, from the germination of the seed 
in spring till the fall of the leaf in autumn, or the return of 
the succeeding spring time, may in perennial plants be di- 
vided into four periods — during which they either live on 
different food, or expend their main strength in the produc- 
tion of different substances. These periods may be distin- 
guished as follows : — 

1°. The period of germination — from the sprouting of the 
seed to the formation of the perfect leaf and root. 

2°. From the expansion of the first true leaves to the pe- 
riod of flowering. 

3°. From the opening of the flower to the ripening of the 
fruit aiid seed. 

4°. From the ripening of the seed or fruit, till the fall of 
the leaf and the subsequent return of spring. On the ripen- 
ing of the fruit the functions of annual plants are in general 
discharged, and they die ; but perennial plants have still 
important duties to perform in order to prepare them for the 
growth of the following spring. 

The explanation of the cbemical changes to whi^.h our 
attention is to be directed will be more clear, and perhaps 
more simple, if we consider them in relation to these several 
periods of growth. 
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§ 1* Chemical changes which take place during germination 
and during the development of the first leaves and roots. 

The general nature ^of the chemical changes which take 
place during germinatioa is simple and easy to he compre- 
hended. 

Let us first consider shortly the phenomena which have 
been observed to accompany germination, and the circum.^ 
stances which are most favourable to its rapid and healthy 
progress. 

1°» Before a seed will begin to sprout, it must be plac^ 
for a titae in a sufficiently moist situation. We have al- 
ready seen how numerous and important are the functions 
which water performs in reference to vegetable life (Lecture 
IL, p. 42,) in every stage of a plant's growtii. In the seed 
no circulation can take place— no motion among the parti- 
cles of matter— until water has been largely imbibed; nor 
can the food be conveyed through the growing vessels, un- 
less a constant supply olT fluid be afibrded to die seed and its 
infant roots* 

2^. A certain degree of warmth—a slight elevation of 
temperature— is also fayoiirable, and in most eases neces- 
sary, to germination. 

The degree of warmth which is required in order that 
seeds may begin to gipow, varies with the nature of the seed 
itself. In Northern Siberia and other icy countries, plants 
kre observed to spring up at a temperature but slightly 
raised above the freezing point (32° F.,) but it is familiar to 
every practical agriculturist, that the seeds he yearly con- 
signs to the soil require to be protected from the inclemency 
of the weather, and sprout most quickly when they are stim- 
ulated by the warmth of approaching spring,- or by the heat 
of a summer's sun. 

The same fact is familiarly shown in the malting of bar- 
ley, where large heaps of grain are moistened in a warm at- 
mosphere. When germination commences, the grain heats 
spontaneously, and the growth increases in rapidity as the 
heap of com attains a higher temperature. It thus appears 
that some portion of that heat which the growth (^ the germ 
and radicles requires, is provided by natural processes in the 
17 



Digitized by LjOOQIC 



1^ EFFECT OF AIB AND LIGHT ON GERMINATION'. 

grain itself; iii sotoe such way as in the bodies of animals, 
a constant supply of heat is kept up by the vital processes — 
by which supply the cooling effect of the surrounding air is 
Continually Counteracted. 

We have seen in the preceding lecture, that the transfer* 
mations of which starch and gum are susceptible, take plac^ 
with greater certainty and rapidity under the infiiiience of an 
elevated temperature. It will presently appear that such 
transformations are also effected during germination ; there 
is reason, therefore, to believe that the external warmth 
whick is required in order that germination may begin, as 
weJl as the internal heat naturally developed as germination 
advances, are both employed in effecting these transforma- 
tions. And, as tb^ young sprout shoots more rapidly under 
the influence of a tropical sun, it is probable that those na- 
tural agencies in general, by which such chemical .transfor- 
mations are most rapidly promoted, are also those by which 
the progress of vegetation is in the greatest degree hastened 
and promoted. 

3°. It has beeii observed that jseeds^ refuse to germinate if 
they are entirely excluded from the air. Hence seeds 
which are buried beneatK such a depth of soil that the at- 
mospheric air cannot reach them, will remain long uji- 
changed, evincing no signs of life — and yet, when turned 
up or brought near the surface, will speedily begin to sprout. 
Thus in trenching the land, or in digging deep ditches and 
draitis, the farmer is often surprised to find the earth, 
thrown up from a depth of many feet, become covered with 
young plants, of species long extirpated from or but rarely 
seen in his cultivated fields. 

4°. Yet li^ht is, generally speaking, prejudicial to germi- 
nation. Hence the necessity of covering the seed, when 
sown in our gardens and corn fields, and yet of not so far 
burying it that the air shall be excluded. In the usual me- 
thod of sowing broad-cast, much of the grain, even after 
harrowing, remains uncovered ; and the prejudicial influ- 
ence of light in preventing the healthfuf germination of 
such seeds is no doubt one reason why, by the method of 
dibbling, fewer seeds are observed to fail, and an equal re- 
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turn of corn us obtained from a much smaller expenditure 
of seed. 

The reason why light is prejudicial to germination, as 
well as why the presence of atmospheric air is necessary, 
will appear from the following observation : — 

5**, When seeds are made to germinate in a limited por- 
tion of atmospheric air, the balk of the air undergoes no 
mateHal alteration, but on examination, its oxygen is found 
to have diminished, and carbonic acid to have taken its 
place. Therefore, dwrin^ germination^ seeds absorb oxygen 
gas and give off' carbonic acid» 

Hence it is easy to understand why the presence of air is 
necessary to germination, and why seeds refuse to sprout 
in hydrogen, nitrogen, ot carbonic acid gases. They can- 
not sprout unless oxygen he within their reach. 

We have seen also in a previous lecture that the leaves 
of plants in the sunshine give off oxygen gas and absorb 
carbonic acid, — while in the dark the reverse takes place. 
So it is with seeds which have begun to germinate. When 
exposed to the light they give off oxygen instead of carbon- 
ic acid, and thus the natural process is reversed. But it is 
necessary to the growth of the young germ, that oxygen 
should be absorbed, and carbonic acid given off — and as this 
can take place to the required extent only in the dark, the 
cause of the prejudicial action of light is sufficiently appar- 
ent, as well as the propriety of covering the seed with a 
thin layer of soil. " 

6°. During germination, vinegar (acetic acid) and dias- 
tase are produced. That such is the case in regard to the 
latter substance, has been proved in the previous lecture — 
(p. 174)* That acetic acid is formed is shown by causing 
seeds to germinate in powdered chalk or carbonate of lime, 
when after a time acetate of limd* may be washed out from 
the chalk (Braconnot) in which they have been made to 
grow. The acid contained in this acetate must have been 
formed in the seed, and afterwards excreted or thrown out 
into the soil. 

• Acetate of Htm is a compound of dcetic acid (vinegar) and lime, and 
maybe prepared by dissolving chalk in vinegalr. It is very soluble in 
water. 
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7°. When the germ has shoft out from the seed and at« 
tained to a sensible length, it is found io be possessed of a 
sweet taste. This taste is awing to the presence of grape 
sugar in the sap which has already begun to circulate 
through its vessels. . - 

It has not been clearly ascertained whether the vinegar 
or the diastase is first produced when germination com- 
mences, but there seems httle doubt ~that the grs^e sugar is 
formed subsequently to the appearance of both., 

Q°. The young shoot which rises upwards from the seed 
consists of a mass of vessels, which gradually increase in 
length, and after a short time expand into the first truei 
leaves. The vessels of this first shoot do not consist of un- 
mixed woody fibre. It is even said that no true wood is 
formed till the Jirjsttrue^ leaves are developed^* The vessels 
of the young sprout^iherefore, and of the ewly radicles, pro^ 
bably consist of tUe cellular fibre of Payen. lliey are un- 
questionably forme3\)f a substance which is in a state of 
transition between starch or sugar and woody fibre, and 
which has a constitution analogousf to that of both. 

Having thus glanced at the phenomena which attjsnd 
upon germination, let us now consider the chemical changes 
by which these phenomena are accompanied, 

1°. The seed absorbs oxygen and gives off' carbonic acid. 
We have already seen that the starch of the seed (C^^ H}. • 
O * <» ) may be represented by carbon and water, — by 12C 
+ 10 HO, Now it appears that in contact with the oxygQB 
of the atmosphere, a portion of the starch is fictually sepa-^ 
rated into carbon and water, the carbon at the moment oS 
separation uniting with the oxygen, and .forming carbonic 
acid (CO*). This acid is given off into the soil in the 
form of gas, and thence partially escapes into the air ; but 
for what immediate purpose it is evolved, or hoW its forma- 
tion is connected with the further development of ^ tho^ermy 
has not hitherto been explained. 

2°. The formation of acetic acid (vinegar) from the 

♦ f Lindley's 7%eory of Hofticulhire. 

t By (malogous I mean which may fee represented by oarbon ai^4 
water. ' 
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Starch of the grain is also easy to comprehend. For as we 
have already seen " 

Stabch . . . = C'« H»« 0»« 

3ofVlNKGAK • . ===€^2H» 0» , 



DiJierence . • = H* O* ; or the ele- 

ments of an atom of water. Therefore, in this early stage 
of the growth of the germ a portion of the starck is deprived 
of the elements pf an atom of water^ and at the $ame time 
transformed into vinegar. 

Why is this vinegar formed ? It is almost as difficult to 
answer this question as to say why carbonic acid is evolved 
from the seed, though both undoubtedly serve wise and 
useflil ends. 

It has been explained in the preceding lecture how the 
action of dilute acids gradually changes starch into cane 
sugar, and the latter into grape sugar. While it remains 
in the sap of the sprouting seed, the vinegar may aid the 
diastase in transforming the insoluble starch into soluble 
food for the plant, and may be an instrument in securing 
the conversion of t\ih cane sugar, which is the first formed, 
into grape sugar, — since cane sugar cannot) long exist in 
the presence of an acid. 

After the acetiq acid is rejected by the plants it may act 
as a solvent on the^ lime and other earthy matters contained 
in the soil. Liebig supposed the especial function of this 
acid — ^the reason why it is formed in the germ and excreted 
into the soil — ^to be, to dissolve the lime, ^c, which the 
soil contains, and to return into the pores of the roots, iiear- 
ing in solution the earthy substances which the plant re- 
quires for its healthy growth. This is by no means an un- 
likely function. It is only conjectural, however, and since 
the experiments of Braconnot have showh that acetate of 
limey even in small quantity, may be injurious to vegetation^ 
it becomes more doubtful how far the formation of &is com- 
pound in the soil, and the subsequent conveyance of it into 
the circulation of the plant, can be regarded as the special 
purpose for which acetic acid is so generally produced dur- 
ing germinatidn. 

3^^. The early sap of the young shoot is sweet ; it con. 
17* 
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taiDS grape sugar. This sugar is also derived from the 
starch of the seed. Being rendered soluble by the diastase 
formed at the base of theger^), the starch is gradually con- 
verted into grape sugar as it ascends. The relation be- 
tween these two compounds has been already pointed out. 

Starch . . . =C'2Hi»0V» 
GiAPB Sugar . = C»« H'^ O^a 



Difference . = H* O^ ; or the ele- 

ments of two atoms of water. The water which is imbibed 
by the seed from the soil, forms an abi^ndant source from 
which the whole of the starch, rendered soluble by the dias- 
tase, can be supplied with the elements of the two atoms of 
water which are necessary to its subsequent conversion in- 
to grape sugar. 

4°. The diastase is formed when the seed begins to 
sprout, at the expense of the gluten or vegetable albunien 
of the seed, but as its true constitution is iiot yet known, 
we cannot explain the exact chemical changes by whic^ its 
production is effected. 

5°. When the true leaf becomes expanded, true wood 
first appears in sensible quantity. By what action of the 
sun's rays upon the leaf the sugar already in solution in the 
sap is converted into wpody fibre, we cannot explain. The 
conversion itself is tn appearance simple enough, since 
Orapb Sugar • . === C^a H'^ O^a, and 
WpoDY Fibre . . = C'^ H« 0» 



Difference . • = H* O* ; or the for- 

mer must part with the ^{pments of four atoms of water on- 
ly, to be prepared for its change into the latter* But the 
true nature of the mdectdar* change by which this trans- 

♦ All bodies are sj^jpdscd to consist of particles or molecules of ex- 
ceeding minuteitf^V and all chemical changes which take place in the 
same mass of matter are supposed to be owing to the different ways in 
which these uarticles arrange themselves. We may form a remote idea of 
the way in which different positions of the same particles may prodac6 
jdifferent substances, by considering how different figures in Mosaic may 
be produced by different arrangements of the same number of equal and 
similar fragments of various colours. 



Digitized by VjOOQIC 



HOW ABE PLANTS NOITBISHED BY CABBONIC ACID ? 199 

formation is brought about, as well as the causes which lead 
to it and the immediate instruments by which it is effected, 
are all still mysterious. 

§ 2. Of the chemical changes which take place from the for* 
motion cf the true leaf to the expansion of the flower. 

When the true leaf is formed the plant has entered upon 
a new stage of its ei^istence. Up to this time it is nour- 
ished almost solely by the food contained in the seed, — ^it 
henceforth derives its sustenance from the air and from the 
soil. The appai;ent mode of growth is the same, the stem 
shoots upwards, the roots descend,. and they consist essen- 
tially of the same chemical substances, but they are no 
longer formed at the expense of the starch of the seed, and 
the chemical changes of which they are the result, are en- 
tirely different. 

1^. The leaf absorbs carbonic acid in the sunshine, and 
gives off oxygen in equal bulk.'" It is in the light of the 
sun that plants increase in size — their growth, therefore, is 
intimately connected with this absorption of carbonic acid. 

If carbonic^ acid be absorbed by the leaf and the whole of 
its oxygen given off againyf carbon alone is added to the 
plant by this function of the leaf. But it is added in the 
presence of the water of the sap, and thus is enabled by 
uniting with' it to form, no-itTmy he directed^ or as may be 
necessary, any one of those numerous compounds which 
may be represented by carbon and water, (p. 168,) and of 
which, as we have seen, the solid parts of plants are chiefly 
mi^de up. 

There are two ways in which we may suppose the oxy- 
geii given off by the leaf to be set free, and the starch, su- 
gar, and gum, to be subsequently formed. 

A; The action of light on the leaf of the plant n^ay di- 
rectly decompose the carbonic acid after it has been absorbed^ 

* Such is sensibly the result of experiment. How far this result can be 
considered as universally true^ wilt be examined herea^r. 

t It will be recollected that carbonic acid contains its own bulk of (MCjr- 
gen gas : if, therefoife, the leaf five off the same bulk of oxygen as it ab- 
sorbs of carbonic acid, ^e resml must be a^ stated in the text. 
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and cause the oxygen to separate from the carhon, and es* 
cape into the air ;— while at the same instant the carbon 
thus set free, may unite with the water of the sap in differ- 
ent proportions, so as to produce either sugar, gum, or 
starch. Suppose 12 atoms of carbonic acid (12 CO') to be 
thus decomposed, and their carbon to unite with 10 of 
water (10 HO), we should have 

from 12 of Cakbonic Acid . == C^* which united 

to 10 of Water • . . « H» • 0» •, would give 

1 of Gum or of Canb Sugar = €»« H» • O* • 
while 24 of oxygen would be given off, the whole of which 
would hate been derived from the carbonic acid absorbed by 
the plant. 

B. Or the action of the sun^^ rays may be directed, in 
the leaf, to the decomposition^ not of carbonic acid, biU of 
the water of the sap. The oxygen of the water may be 
separated from the hydrogen, while at the same instant the 
latter element (hydrogen) may unite with the carbpnic acid 
to produce the sugar or starch. The result here is the 
same as before, but the mode in which it is brought about 
ia very differently represented, and appears much more 
complicated. Thus, suppose 24 of water (24 HO) to be 
decomposed, and to give off their oxygen into the air, 24 
of oxygen would be evolved as in the former case, the 
whole of which would be derived from ihe decomposition of 
water, while there would remain " 

24ofHYDsooEN . . = H«* Let this act on 

12 of Carbonic Acid = C * * O* *, aid we have 



as the result ..... C'« H«* 0«*; or 
Starch, &c. Water. 

C»» H^* 0>« + 14 HO. 
According to this mode of representing the chemical 
changes, water is ^rst decomposed and its oxygen evolved, 
then its hydrogen again combines with the carbon and oxy« 
gen of the carbonic acid, forming two products — ^water and 
sugar or starch. This view is not only more complicated, 
but it supposes the same action of light to be^— continually, 
. St the same time, and in the same circumstances— ^th de- 
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composiiig water and re-forming it from its elements. 
While, therefore, there can be no doubt, for.other reasons 
not necessary to be stated in this place, that the light of 
the sun really does, decompose water in the leaves of plants, 
and more in some than in others — ^et it appears probable 
that the oxygen evolved by the leaf is derived in a great 
measure from the carbonic acid which is absorbed; and 
that the principal part of the solid substance of living vege- 
tables, in so far at least as it is derived from the air, is pro- 
duced by the union of the carbon of this acid with the ele- 
ments of the water in the sap.* 

2°. We have seen reason to conclude (p. 87) that, while 
plants derive much of their sustenance from the air, they 
are also fed more or less abundantly by the soil in which 
they grow. From this soil they obtain through their roots 
the carbonic acid which is continually given off by the de- 

* I ought not to pass unnoticed the opinion of Persoz (Chemie Mch 
Uoulaire\ that tlift starch, gum, &c., of plants are foimed oy the union 
of carbonic oxide (CO) with the necessary proportions of oxygen and 
hydrogen derived from the water of the sap. This opinion implies 
that, in the leaf, carbonic acid (CO* ) is decomposed into carbonic ox- 
ide and oxygen (CO -f* OJ, and diat water likewise is decomposed, — 
the oxygen produced by ooth deccHnpositions being given off either 
into the air by the leaves, or into the soil by die roots. The produc- 
tion of grape sugar, therefore, according to this hypothesis, would be 
thus represented : — 

There wre retained, and giyea off 

Prom 12 of CA^BONiff Acid = 12C0« . . C» O" O" 

FiomlScrfWATER = 12HO.. H" . . . . O" 



C"H*«0" 0>* 

gn^ sugar 

Of the 34 of oxycen thus given off, the opinion of Persoz is, that only 
one-half is evolvedby the leaf, — and the principal fact on which his 
opimon rests is that observed by de Saussure, that plants of Vinca mi- 
nor gave off by their leaves, in nis experiments, oiAy two-thirds of the 
oxveen contained in the carbonic acid they absorbecL "This resuH has 
led Serzelius also to conjecture that the leaves of plants do not retain 
merely the carbon of the carbonic acid, but some compound of carbon 
with oxygen, containing much less of this element than the carbonie 
acid does {TraUe de Chemie, V. p. 69). The pnnciptd objection to 
this view, however, is the quantity of oxy^n it supposes to be rejected 
by the root 'The experiments on which it is founded require confir- 
mation and extension. 
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caying vegetable matter it contains. This ^^irbonic acid 
will ascend to the leaf, and will there undergo decompom- 
tion along with that which is absorbed by the leaf itself. 
At least we know of no function of the joot or stem by 
which the carbonic acid derived from the soil can be de- 
composed and deprived of its oxygen before it reachea the leaf. 

It is distinctly stated, indeed, by Sprengel,* that .when 
the roots of a plant are in the presence of carbonic acid, the 
oxygen given ofi* by the leaf is greater in bulk than tl^ car- 
bonic acid absorbed. But there is one observation in con- 
nection with this pmnt which it seems to me of importance 
to make. The leaves supply carboit to the plant only in 
the form of carbonic acid, and they give off a bulk of oxy- 
gen gas not exceedingf that of the acid taken in. But if 
the carbon derived from the soil be also absorbed in the 
form of carbonic acid, and if the oxygen contained in this 
portion of acid is also given off by the leaf — either the 
quantity drawn from the soil must be small, compared with 
that inhaled from the air, or the oxygen given off by the 
leaf must, in the ordinary course of vegetation, be sensibly 
greater than the bulk of the carbonic acid which it absorbs. 

We are too little familiar with the chemical functions of 
the several parts of plants to be able to pronounce a decided 
opinion on this point ; but it appears evident that one or 
other of the three following conditions must obtain : — 

(a). Either in the general vegetation of the globe the 
bulk of the oxygen gas given off by the leaf during the day 
must always be considerably greater than that of the carbo- 
nic acid absorbed by it ; or 

(b). The root or stem mdst have the power of decoB[^>06- 
ing carbonic acid and of separating and setting free its oxy- 
gen ; or 

(c). The plant can derive no considerable portion of its 
carbon from the soil, in the form of carbonic acid. 

If the experiments hitherto made by the vegetable phy- 
siologists be considered of so decisive a character as to war- 
rant us in rejecting the two former conditions, the third be- . 
c6mes also untenable. 

♦ 0ee above, p. 133. t See note to p. d01« 



Digitized by LjOOQIC 



HOW dUOAR IS iTBANSt'ORMED -INTO SI* ARCH. 20S 

3°.' Without dwellii^ at present on this point, the above 
considerations may be regarded as giving additional strength 
or probability to the conclu^ons we formerly arrived at (p. 
87) from other premises — that the roots, besides carbonic 
acid, absorb certain other soluble organic compounds, which 
are always present in the soil in greater or le^s.quantity, 
and that the plant appropriates and converts these into its 
own substance. Some of these organic compounds may 
readily, and by apparently simple changes, be transformed 
inta the starch and wo6dy fibre of the living vegetable. 
The illustration of this fact will be reserved until, in the 
second part of these lectures, I come to treat of the vege- 
table portion of soils, and of the chemical nature and con- 
stitution of the organic compounds of which it consists, or 
to which it is capable of giving i;ise. 

4°. The chemical changes above explained (a), show 
how, from carl)onic. acid and the elements of water, sub- 
stances possessed of the elementary constitution of sugar 
and gum may, by the natural processes of vegetable hfe, 
obtain the elements of which they consist, and itk the requi-^ 
site proportions. They throw no light, however, upon the 
mechanism by which these elements^ are constrained, as it 
were, to eLSsume Jirst the form of gum or sugar, or soluble 
starch, and qficrwardsi in another part of the plant, of in- 
soluble starch and woody fibre. 

It is known that the sap deposits starch and woody fibre 
in the stem, only in its descent from the leaf, — ^and it is, 
therefore, inferred that the action of light upon the sap, 
as it passes through the green parts, is necessary to dispose 
the elements to arrange themselves in the form of vascular 
fibre or lignin. And as, by the agency of nitric acid^ 
starch appears to be convertible into woody fibre (p* 186), 
it is not unlikely that the soluble substances, containing ni- 
trogen, which are present in the sap may — as diastase does 
upon starch — exercise an agency in transforming the solu- 
ble suga^, gum, <kc., of the sap into the insoluble starch and 
woody fibre of the seed and the stem. We are here, how- 
ever, upon uncertain ground, and I refrain from advancing 
any further conjectures. 
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Two great steps we have now made. We have seen 
how the germ lives and grows at the expense of the food 
stored up in the seed — and how, when it has obtained roots 
and leaves, the plant is enabled to^extract from the air and 
from the soil such materials as, in kind and quantity, are 
' fitted to build up its several parts during its future growth* 
. That considerable obscurity still rests on the details of what 
takes place ih the interior of the plant, does not detract from 
the value of what we, have already been able to ascertain* 

§ 3* On the production of oxalic acid in the leaves and stems 
of plants. 

In the preceding section we have studied the origin of 
those substances only which form the chief bulk of the pro- 
ducts of vegetation, and which are characterized by a che- 
mical constitution of such^ kind as enables them to be re- 
presented by carbon and water. But during the stage of 
vegetable growth we are now considering, other compounds 
totally different in their nature are also produced, and in 
some plants in sufficient quantity to be deserving of a sepa- 
rate consideration. Such is the case with oxalic acid. 

The circumstances under which this acid occurs in nature 
have already been detailed. It is found in small quantities 
in many plants. The potash in forest trees is supposed to 
be in combination with oxalic acid, while in the lichens oxa- 
late of lime serves a purpose similar to that performed by the 
woody fibre of the more perfect plant ; it forms the skeleton 
by which the vegetable structure is supported, and through 
which its vascular system is diffused. 

The production of this acid in the living plant is readily 
understood when its chemical constitution (C« O') is com- 
j^red with that of carbonic acid (C0«). For 

2 of Caxbonic Acid = C^ O* 
1 of Oxalic Acid , = C^ O^ 



Difference ., • O* 

That is to say, 2 of carbonic acid are transformed into 



Digitized by VjOOQIC 



OXYQBll P&OU tH9 LBAVSS VABIABUB Ilf QITAKTITT* 205 

1 of oxalic acid by the loss of 1 equivsileiit. of oxygen— or 
generally, carbcmic acid by the less erf one-fourth of its oxy* 
gen may he cqnvetted into Oxalic aevd. 

But the leaf absorbs carbonic acid and gives oS oxygen* 
In the lichens, therefore, which contain so much oxalic acid, 
a large portion of the carbonic acid absorbed is, by the ac. 
tion of light, deprived of only one-fourth of its oxygen, and 
id thus changed into oxalic acid. The same is true to a 
smaller extent of the ^orrel leaves and stems, which owe 
their sourness to the presence of oxalic acid— ^of the leaves 
and stems of rhubarb also-^in a still smaller degree of the 
beech and other large trees, in which much potash, and pro- 
bably, also, of marine plants, in which much soda is found 
to exist. It must be owing to the peculiar structure of the 
leaves of each genus or natural order of plants, that the same 
action of the same light decomposes the carlxmic acid in dif- 
feretit degrees—devolving in some a less proportion^ of its 
oxygen,, and causing in such plants the formation of a larger 
quantity of oxalic acid. 

The fact of the production of this oxalic acid, to a very 
considerable amount in many plants, is a further proof of 
the uncertainty of those experiments from which physiolo- 
gii^ hate concluded that the leaves of plants emit a bulk 
of oxygen sensibly equal to that of the carbonic acid ab- 
sorbed.* 

I have referred the production of more or less oxalic acid 

♦ Wete we pennitted, in the absence of decisive experiments, to state 
as trutt what theoretical considerations plainly indicate, we should say 

1°. 'I'hatplantii containing much oxalic or other simi^ acids, and 
not deriving much carbonic acid from the soil, must give off from their 
leaves abuUc pf oxygen less than that of the carbonic acid absorbed. 

3^. That plants containing no sensible quantity of such adds, nor 
fed by carbonic acid from the soil, may evolve oxygen sensibly e^iuz^ in 
bulk ia the carbonic acid absorbed. 

3°. That if little of these acids be present, and much carbonic acid be 
absorbed from the soil, the volume of oxygen given off by the freen 
parts of the plant must be sensibly greater than that of the carbonic 
acid they absorb. 

4°. That the leaves of the pines and^other trees containing^much tur- 
pentine — in which hydrogen is in excess — must at all times give off 
oxygen in greater bulk &an the carbonic acid they absorb. They 
nnist decompose Water as well aa caibonic aoid, and evdve the acygen 
ofboth. 

18 
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in different plants t& the q>ecial structure of each, and thb 
must be true, where, in the same circumstances,^ different re- 
sults of this kind, are observed to take place — as where sor- 
rels and sweet clovers grow side by side. Yet the influence 
. of light of different degrees of intensity on the sam<^ plant, 
is beautifully shown by the leaves of the Sempervivum arbo* 
reumy of the Portulacaria afra^ and other plants vMch are 
sour in the mamingf tasteless in the middle cf the dapj and 
bitter in the evening, f Puring the night the oxygen has 
accumulated in these plants and formed acids containing 
oxygen. in excess (p. 187.) As the day advances this oxy>* 
gen is given off; under the influence of light the acids ar« 
decomposed, and the sourness disappears. 

In the juices of plants before the period oi^ flowering, other 
acids also are met with besides the oxalic acid, though in 
much smaller quantity. As the most important of these, 
however, occur more abundantly in fruits^ we shall consider 
the theory of their formation in the following section. 

§ 4. Of the xhemicaU changes which take place hetfceen the 
opening ofihefiower and the ripening of the fruit or seed. 

The opening of the flower is the first and most striking 
step taken by the plant towards the production of the seed 
by which its species is to be pe^tuated. That at this pe^ 
nod a new series of chemical changes commences in the 
plant is obvious from the following facts x^^ 

1°. That the flower leaves absorb oxygen and emit car- 
bonic acid both by dayf and by night (p. 187.) 

2^. That they also occasionally emit pure nitrogen gas. 

8®. That the juice of the maple ceases to be sweet when 
the flowers are matured ^Liebig,) and that, in the sugar cane 
and beet root, the sugar becomes less abundant when the 
plant has begun to blossom. 

These facts sufliciently indicate the commencement 6f 
new changes in the interior of plants at this period of their 
growth. That such changes go on until the ripening of the 
seed is ialso evident from these further (Observations i*^~ 

« Sprengel, Okmte, 11.^ p.331* 

t By day the absorpdon is the greater, but the balk of the oxygen 
taken in is always greater than that of the carbonic acid given oC 
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1^. l^bat the husk of the future seed, as in the corn-bear- 
iDg grasses (wheat, oats, &c.,) is fiUed at first with a milky- 
liquid, whi<;h becomes gradually isweeter and more dense, 
and finally consolidates into a mixture of starch and gluten, 
such as is presented by the fiour of dijQ^ent species of corn. 

2°, That the fruit in which the seeds of many {^ants is 
enveloped is at first tasteless, afterwards more. or less sour, 
and finally sweet. In a few fnlits only, as in the lime, the 
lemon, and the tamarind, ^oes a ^sufficient quantity of acid 
remain to be sensible to the taste, when the seed has br. 
come perfectly ripe* The acid and cellular fibre both di. 
minish while the sugar increases, 

3^. That fruits, while green, act upon the air like the 
green leaves and twigs — ^but that, as they approach matu- 
rity, they also absorb or retain oxygen gas (De Saussure.) 
The same absorption of oxygen tsikes plaoe when unripe 
fraita are plucked and left to ripen in the air (Berard.) Af- 
ter a time the latter also emit carbome acid. 

I. — FOBMATIOX OF THE SEED. 

In the case of wheat, barley, or other plants, which yield 
farinaceous seeds, we have seen that previous to flowering 
the chief energy of the living plant is expended in the pro. 
duction of the woody fibre of which its stem and growing 
branches maii^y con^st ; and we have also been able to un^ 
derstand, in s<»ne degree, how this woody fibre is {Mroduced 
.from the ordinary food of the plant. When the flower e]> 
pands, however, the plant has in general, and especially if 
an annual plant, reached nearly to maturity, and woody fibre 
is little required. The most important of its remaining 
functions is the production of the starch and gluten of the 
seed, and of the substances which form the husk by which 
the seed is enveloped. 

Jn the first stages of the plant's growth, the starch of the 
seed is transformed into gum and sugar, and subsequently, 
wh^n the leaves are expanded, into woody fibre. In the last 
©tages of its existence, when it is producing the seed, the 
sugar of the sweet and milky sap is gradually transformed 
into starch-^that is to say, a process exactly the convene 
of the former takes place, 
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We are able» in some me^ure, to explain the mode and 
agency by which the former transformation is effected*^-the 
latter, however, is still inexplicable. We can our^lv^, by 
the agency of diastase, transform starch into sugary and, 
th^^efore, can readily believe such transformations to be ef- 
fected in the young plant ;—^ut we as yet know" no method 
of re-converting sugar into^^tarch ; and, therefore^ we can 
only hazahl coqeciures as to the way in which this change 
is brought about in the interior ij^ the plant during the f<^< 
mattoB of the seed. 

It is said that nitrogen is given off by the flower l^af. 
We know that this element is-preoent in the colouring paat- 
ter of the petal, and that it isIei necessary constituent of the 
albumen and gluten, which are Always associated with the 
starch of the.seed. It is plain, then, thfU the nitrogeneous* 
substances contained in the sap at tdl periods of tbe plant's 
growth are carried up in great quantity to the flower and 
seed vessel. These substances are supposed to be concerned 
as immediate agents in eflecting the transformations which 
there take place. More than this, however, we cannot as 
yet venture even to conjecture* 

II.^-iMPElftNG OF THE PBtri*.. 

In those plants again, which invest their seed with a 
pulpy fruit — in the gjtope,^the lexnon, the apple, the pkim, 
&;c. — other changes take place, at this period, ^ a more in- 
telligible kind, ai^ other substances are formed^ on the pro- 
duction of whi<^h less <>b6curity rests. At one stage of their 
growth, these'^fniits, as has been already stated, are taste- 
less — ^in the next, they are- s^r — in ^the third, they are 
more or less entirdy sweet. 

1°. In the tasteless state they consist of little mote than 
the substance of the leaf — of vascular, or woody fibre, ^filled 
with a tasteless sap, and tinged with the colouring matter of 
the green parts of the plant. For a time, this yoting fruit 
appears to perform in reference to the atmosphere the usual 
functions of the leaf— it absorbs carbonic acid and gives off 

' ' * Substances containing nitirogea. 
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oxygen, apd thus extracts from the air a portion of the food 
by which its growth is proiooted, and its size gradually 
increased. ^ 

11^. But after a time this fruit becomes sour to the taste, 
and its acidity gradually increases — while at the same time 
it is observed" to give ^ff a less comparative bulk of oxygen 
tiian before. Let us consider shortly the theory of the pro^ 
duction of the more abundant' vegetable acida contained in 
fruits. 

1®. The tartaric add which occurs in the grape is repre- 
sented by C* H» 0« (p. 182). 

There are two ways in which we may suppose this acid 
to be formed in the fruit-— either directly from the elements of 
carbonic acid and water with the evoltaion of c^ygen gas— 
or from the gum and sugar alresuiy present in the sap aided 
by the absorptwn of oxygen from the atmosphere. Thus 
A. .4 of Oab^onic Acid = C* O* 
2 0fWATB& . . = H^O^ 

^ '■ " ^ Tartaric Acid. 

Sum . . ===CVH« 0'«cMrC*H«0» +50 
That is, one equivalent of tartaric acid may be formed from 
4 of carbonic acid absorbed by the leaf or fruit, and 2 of the 
water of the sap, while 5 of oxygen are at the same time 
given off by the leaf. Or, 

B. If Grape Sugai:be, €>« H>» O^* 

JofGBAPBSuGAR = C* H^ 6' ' 
f 3 of OXYGBN , . 5= O^ 



Sum . . = C* H3 0« 

Tartaric Acid. Water. 
orC*H>O«+H0, 

That is, by the absorption from the air of a quantity of oxy- 
gen equal to that which it already contains, grape sugar 
may be converted into tartaric acid and water. 

In the sorrels and other sour leaved plants, which contain 
tartaric acid in their general sap, the acid may be formed 
by either of the processes above explained. In the sun- 
shine their green parts absorb carbonic acid and evolve 
oxygen. If any of these green parts give off only i of the 
18* 
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oxygen contained in the Carbonic acid they drink in, tartar^ 
ic acid may be produced ^A.) In the dark they absorb 
oxygen and give off carbonic acid« If the bulk of -this lat*. 
ter gas Avhich escapes be less than that of the oxygen which 
ent^s, a portion of the sugar or gum of the sap may, as 
above explained (B.), be converted into tartaric acid. 

We have as yet no experiments which enable us to say 
by which of these modes the tartaric acid is really produced 
in such plants — or whether it may not occasionally beconr* 
pounded by both methods. 

In green fruits also, in the sour gi^pe for example it otoy, 
in like manner, be produced by either method. The* cmly 
experiments we yet possess, those of De Saossure, though 
not sufficient to decide the pointy are in favour of the fonner 
explanation (A«.) In the estimation of this philosopher, the 
proportion of the oxygen of the carbcmic aciii which is re* 
tained by the fruit, is sufficient to acccmntfor the acidity i^ 
gradually acquires. - . • 

2°. Malic and titric acids* These acids are represented 
(p. 187) by the common ibrmuhe C* IJ« O*. They may 
be produced from water ^nd carbonic acid, if three-fourths 
only of the <>xygen of the latter be given oC , Thus 

4 of Canonic Acin=:C* 0» 
2 0fWATBK ..•.== H» 0* 

^ I Malic Acid. 

Sum . . ==0* H2 Qio =^C« H^ 0^+60 

That such a retention of one-fourth of the oxygen of the car- 
bonic acid occasionally takes place in tl^ green fruit, is con- 
sistent with the observations of De Saussure; , ThcLlime and 
the lemon are fruits on which the mo$t satisfactory experi* 
ments inigbt be mad^ with the view of l^naUy determining 
this point. . 

lil®. This formatji9n«of acid proceeds for a certaiia time, 
the fruit becoming scmrer and SQorer ; the acidity theu be- 
gins to diminish, sugar is formed, and the fruit ripens. The 
acid rarely disappears entirely, even from the sweetest fruits, 
until they b^in io decay ; a considerable portion of it, bow- 
ever, must l^ icbnverted into grape sugar, as the fruit ap* 
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proaches to maturity. This coRversion may take pl»^6 in 
either of two ways. 

1^. Qy the direct eyolution of the excess of oxygen. Thus 
3of Taktaric Acid = C^* H« 0> » 
6ofWAT|:R . . • = H« 0« 

: r— — Ghrape Sugar. 

Sum . . . =C»aH>«0«»==<:J»«H»aO»»+90 



Or grape sugar may be formed from 3 of tartaric acid and 
6 of the water of the sap, by the evolution, at the same 
time, of 9 of oxygen. Citric and malic acids, in the same 
proportion, would form grape sugar by the evolution of 6 of 
oxygen only. 

Do fruits, when they have reached their sourest state, be- 
gin thus to give off an excess of oxygen ? I know of no 
experiments which as yet decide the point. * 

2°. By the absorption of oxygen and the evoluticm of car- 
bonic acid. Thus in the case of tartaric acid, 
1 of Tartaric Aoii> = C« H^ O* 

iQfOxYGE]^. . , ,= O' 

- ' ■'■ l-6th of Ghrape Caifoonic 

Sugar. Aeid. . 

Sum - . . = C4 H» 0« x= C» H« 0« + 2 CO* 

Where one of o^^gen is Absorbed and 2 of carbonic acid 
given off. ~ Ot in the case of the malic wd citric acids, 

1 of Mamc AdD -= C4 fla 0« 

2 of OxVGRIf . . «c O* 

/ ■■ ■ i-^ of Grape Catfoomo 

Sugar. Acid. 

Sum . . = C* H» 0« = C3 H» 0* + 2 C0» 

Where 2 of oxyg^i are ftbaorfeed and 3 of carbonio, aiadi 
given off. 

We know fitHn the ezperioMntsof Berard thftt, when ui« 
ripe fruits are plucked, they do not ripen if «X6liided:froiii 
the ftoceas of.oxj^eii gaa--4)ut that in the ahr 4hey ripen, 
absoilMJOig o3i|rg6n at the same time, and giving/off earbonio 
aekU Thur second method (2^ ) therefore exhi>tikB the mo» 
probafaie the^y of ikm ripening of firiots afier.Uiei^ate.piiuch> 
edi 9j^i£'^'-<»^iey become tSmurule^frw^ the pat* 
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tals of ^he flower in absorbing oxygen from the air and giv* 
ing off carbonic acid, it will also represent the changes 
which take place when they are permitted to ripen on the 
tree. 

During thexipening of the fruit, it has been stated that 
the woody or cellular fibre it contains gradually diminishes, 
and is^ converted into sugar. This is familiarly noticed in 
some species of hard or winter pears. In sour fruit, the 
cellular fibre seldom exceeds 2^ per cent, of their whole 
weight ; — in ripe fruits, however, it is still less, and as the 
constitution of this substance is so analogous to that of 
grape sugar, there is no difficulty in understanding that it 
may be readily converted into the latter, thpugh the imme- 
diate agency by which the transformation is effected is as 
yet unknowi) to us. 

§ 5. Of the chemical changes which take ^uce after the 
ripening of the fruit and seed. . 

When the seed is fnlly ripe, the functions of annual 
plants are discharged. They no longer require to absorb 
and decompose carbonic acid, for their growth is at an end. 
Their leaves begin, therefpre, to take in oxygen only, be- 
come yellow;, and prepare along with the entire plant, for 
being finally resolved again into those more elementary 
i^bstances from which they were originally compounded. 

On treea and perennial plants, however, a further labour 
is imposed. In the ripenied seed they have deposited a 
supply of focki sufficient to sustain the germ that may 
i^ri];ig from it, until it is able to seek food for itself; b^t 
the young buds already formed,— ^and which are to shoot 
oat from the stem and branches in the ensuing i^ring,-— are 
in reality so many young plants for which a store of food 
has yet to be laid up in the inner bark, aild in the wood of 
the tree or shrub itself. 

In the autumn, the sap of trees and permanent shrubs 
continues to flow rapidly tiU the leaf with^ and falip, and 
the food of the plant is conyerted partly into woody fibre, 
as was the case during the earlier period of the year, and 
piMiiy into starch. The foriner is dq)bsited beneath the 
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inner bark to form the new layer of wood by which the 
tree is annually enlarged; the latter — partly in the same 
locality^ as in the birch and pine — ^partly throughout the 
substance of the- wood itself as in the willow — ^while in the 
palm trees a^d cycadeae, it is intermingled with the central 
pith. . The chemical changes by which the fbod is capable 
of being converted into these substances have already been 
considered. They proceed during the entire autumn, do 
not cease so long as the sap continues to move, and even 
in the depth of winter slowly and silently operate in storing 
up farinaceous matter-^-^in readiness, like the starch in the 
seed, to minister to the nourishment of the young bud« 
when the warmth of the coming spring shall awaken it 
from its iong sleep. 

§ 6. Of the rapidity with which these changes take plaeef 
and the circumstances by which they are premofled. 

But remarkable as those chemical changes are, the 
rigidity with which they sometimes take place is no less 
surprising. 

From carbonic acid and water we have seen that the 
j^nt, l^ very intelligible processes, can extract the e^ 
ments of which its most bulky parts consist-^-^and can build 
them up in many varied ways, most of which are probably 
beyond the reach of, imitation. But who can understand 
or explain the extraordinary activity which pervades the 
entire vascular system of the {4ant, when circumstances are 
favourable to its growth t 

A stalk of wl^t has been observed to dioot up throe 
inches imas many days, of barley six inches in the same 
ti0^, and a vine twig almost two feet, or eight inch» a 
day (Du Hamel). Cucumbers have been known tp ac- 
quire a length of twenty-four inches in six ^days, and in the 
Botanic Garden at Brussels I was shown a bamboo five 
inches in diameter, which had increased in height nine feet 
in twenty -seven days, sometimes making a progress of six 
to eight inches in a day. In our x^limate we meet with few 
illustrations of the rapidity with which plants are capable 
of springing up in the inost favourable circumstanceS| and 
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the above examples pobably give us only an imperfect idea 
of the velocity with which the bamboo, the palm, the tree 
fern, and other vascular plants, may grow in their native 
soil and climate. And with what numerous and complicar 
ted chemical changes is the production of every grain pf 
the substaiice of these plants attended — ^how rapidly n;iust 
the food be selected atad absorbed from the air and from the 
soil — how quickly transformed and assimilated ! 

The long period of time during *which, year after year, 
these changes may proceed in the same living vessels, dr in 
the same tree, is no leiss wonderful. Oaks have lived to a:n 
age of 1500 or 2000 years — ^Yew trees to SOOO years— and 
other species are mentioned as having flourished from 4500 
to 6000 years ; while even a Uving rose tree (rosa canind) 
is quoted by Sprengel asc being already upwards of lOOQ 
years dd.* 

The rapidity of the growth of a plant, and the length of 
its Ufe, are equally affected by circumstances. On a know- 
ledge of these circumstances, and of the means of cbntrd- 
ling or Qf producing them, the enlightened practice of agri- 
culture is almost entirely dependent. 

Over the natural conditions on which vegetation in g^ie- 
ral depends, we can exercise little control. By hedge-rows 
and plantations we can shelter exposed lands, but, except in 
our conservatories and hot-houses, the plants we can expect 
to cultivate with profit will always be determined by the 
general climate in which we live. So the distribution of 
rain and sunshine are beyond ouf control, and though it is 
ascertained that a thundery condition of the atmosphere is 
remarkably favourable to vegetable growth^f we cannot 
hope that such a state of the air will ever be induced, at the 
pleasure or by the agency of man. But under the same 
natural conditions of climate, there are many artificial me- 
thods by the use of which it is within our power to accele- 
rate the growth, and to^ increase the produce of the most 
valuable objects of wdinary culture. 

Thus the germinati<m of seeds in general is hastened by 

- ♦ Spengel, Lehrevom Dmger^ p. 76, t Ibidj p. 73, 
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watering with a solution of chlorine (Davy), or of iodine of 
bromine (Blengini), and Davy found that radish seed which 
germinated in two days when watered with solutions of 
chlorine or sulphate of iron, required three when watered 
with very dilute nitric acid, and five with a weak solution 
of sulphiiric acid. 

It is familiarly known also in ordinary husbandry, that 
the application of manures hastens in a similar degree the 
development of all the parts of plants during every period 
of their growth — ^and largely increases the return of seed 
obtained from the cultivated grains. Ammonia and its 
compounds likewise, and nitric acid and its compounds, 
with many other saline substances existing in the mineral 
kingdom and occurring in soils, or which are produced 
largely in our manufaciories, have been found to produce 
similar effects. 

It would be out of place here to enter upon the important 
and interesting field opened up to us by a consideration of 
the influence exercised by these and other substances, in 
modifying both in kind and in degree the chemical changes 
which take place iti living vegetables. The true knode of 
action bf such substances — their precise effects — the cir* 
cumstances under which these effects are most certainly 
produced — ^and the theoretical views on which they can- be 
best accounted for — ^will form a subject of special and de^ 
tailed examination in the third part of the present lectures* 
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LECTURE Vllt. 

JSbti^ the supply of food for plants is kept tip in ^ eetieral vegetation 
of the globe. Proportion of the^* ibod drawn by plants from the air. 
Snpplyof carbonic acid. Supply of ammonia ana nitric, add. Pro- 
duction of both in nature. Theory of their action on liying vegeta- 
bles. . Concluding observations. 

leaving shpwn in the preceding Lecture in what way, and 
by what chemiqal changes, the substances of which plants 
chiefly consist may be produced from those on which they 
live,-^there remains only one furtHer subject of inquiry in 
connection with the organic constituents of plants. 

Plants, as we have already seen, derive much of theif 
sustenance from the carbonic aci^ of the atmosphere ; yet 
of this gas the air contains only a vei^ small fraction, and 
in so far as experiments have yet gone, this fractional 
quantity does not appear to diminish — how, then, is the 
supply of carbonic acid kept up ? 

Again, plants most probably obtain much of their nitrogen 
either from ammonia or from nitric acid ; and yet, neither 
in the soil nor in the air do these compounds permanently 
exist in any notable quantity, — ^whence then is the supply 
of these substances brought within the reach of plants ? 

The importance of these two qu^tions will appear more 
distinctly, if we endeavour to es^mate how much of their 
carbon plants really draw from the atmosphere^^-and how 
much of the nitrogen they contain must be derived from 
sources not hitherto pointed out, 

§ 1. OftJ^ ptopidrtion of their carbon which plants derive 
from the atmosphere. 

On this subject it is perhaps impo^ible to obtain perfect- 
ly accurate results. Several series of experiments, howevery 
have been published, which enable us to arrive at very use- 
ful approximations in regard to the proportion <^ their car- 
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bon which plants, Rowing in a soil of ordinary fertility, 
and in such a climate as that of Great Britain, actually ex- 
tract from the air by which they are surrounded. 

1°» In an experin^ent made in 1824, upon common bor« 
age (Borago officinalis), Lampadius found that after a 
growth of five months (from the 3rd of April to the 6th of 
September) this plant produced^ ten times as much vegeta- 
ble matter as. the soil in which it grew had lost during the 
same period.* In other words, it had dravm nine-ten&s of 
its carbon from the air. 

2°. The experiments of Boussingault were made if not 
with more care, at least upon a greater number of plants, 
and were protracted through a inuch longer period. It is 
necessary that we should understand the principle on which 
they were conducted, in order that we may be prepared to 
place confidence in the determinations at which he arrived. 

If we were to examine the soil of a field on which we 
are about to raise a crop of corn — and should find it to con- 
tain a certain per centage, say 10 per cent, of vegetable 
matter (or 5 per cent, of carbon) ; — and after the crop ia 
raised and reaped should, on a second examination, find it 
to contain exactly the same quantity of carbon as before, 
we could not resist the conviction, that, with the exception 
of what was originally in the seed, the plant during its 
^growth had drawn from the air all the carbon it contained. 
The soil having lost none, the air must have yielded the whole 
supply. 

Or if after examining the soil of our field we mix with it 
a supply of farm-yard manure, containing a known weight, 
say one ton of carbon, and when the crop is reaped find as 
before that the per-centage of vegetable matter in the soil 
has sufiered no diminution,'|* we are justified in concluding 
that the crop cannot, at the utmost, have derived from the 
soil any greater weight of its carbon than the ton contained 
in the manure which had been added to it. 

* The above experiment may have been correctly made, but the result 
appears at first si^ht too starthng to be readily received as indicative of 
the proportion of Uieir sustenance drawn by plants from the air t9i CAe 
general vegetation of the globe. 

t I need scarcely remark that, in the hands of a fi;oQd iSirm^a who 
19 
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Such was the principle on which Boussingault's experi« 
ments were conducted. He determined the per-centage of 
carbon in the soil before the experiment was begun— -the 
weight added in the form of manure^-the quantity contained 
in the series of crops raised during an entire rotation or 
course of cropping, until in the mode of culture adopted it 
was usual to add manure «gain — and lastly, the proportion 
of carbon remaining in the soil. By this method he ob- 
tained the following results in pounds per English acre, 
in three different courses of cropping, and on the same 
land: — 





Carbon 

in the 

Manure. 


Carbon 

in 
the Crops. 


Difference, or 

Carbon derived 

from the air. 


Rebiarks. 

The first was a 5 
years' course— of 
potatoes or red 
beet with ma- 
nure, wheat, clo- 
ver, wheat, oats ^ 
the second and 
most productive 
rotation was a- 
bandoned on ac- 
coqpt of the cli- 
mate ; the third 
was a 3 years- 
course. 


First Course 
Second do. 
Third do. 


2513 


7544 


5031 
6639 
3921 



The result of the first course indicates that — ^tbe land re- 
maining in equal condition at the end of the four years as 
it was at the beginning — the crops collected during these 
years contained three times the quantity of carbon present 
in the manure, and therefore the plants^ during their grotathf 
must on the whoie have derived two-thirds of their carbon 
from the air, '. 

It will be shown in a subsequent section that even when 
the soil is lying naked the animal and vegetable matter it 
contains is continually undergoing diminution, owing to de- 
composition and the escape of volatile substances into the 

keeps his land in good ktaart — the quand^ of organic matter in the soil 
at the fik2 of his course of cropping shoula be as great at least, as tt was 
at the beginning of his rotation, before the addition of tne manure. 
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air. It is fair, therefore, to assume that a considerahle por- 
tion of the carbon of the manure and of the soil would 
naturally disappear during the four years' cropping above- 
mentioned, and that, therefore, the proportion of carbon de- 
rived from the air in Boussingault's experiments, must have 
been really considerably greater than is indicated by the 
numerical results* 

Let two-thirds of the entire quantity of carbon contained 
in a series of crops be taken as the average* proportion 
which, on cultivated land in our climate, must be derived 
from the air in the form of carbonic acid — and let the ave- 
rage weight of the dry crop reaped be estimated at a ton and 
a half per acre. Then, if the crop contain half its weight 
of carbon,f the plants grown on each acre must annually 
extract from the air 10 cwt. or 1120 lbs. of carbon in the 
form of carbonic acid. 

^ 2, €fihe relation which the quantity of carbon extracted 
by plants from the air, bears to the whole quantity contain' 
edinthe atmosphere. 

But the question will here at once suggest itself to you — 
does not the quantity thus extracted from the air really form 
a very large proportion of the whole weight of carbon which 
is contained in the atmosphere? A simple calculation will 
give us clear ideas in regard to this interesting point. 

We have already seen that, by the results of DeSaussure, 
the average quantity of carbonic acid in the atmo^here of 
our globe may be estimated at 73^77 part of its entire bulk. 
This is equal very nearly to 7/77 of its weight.:^ Or taking 

* Lecture II., p. 35. 

t Boussin^ult states, that of all the plants usually cultivated for food 
—so far as his experiments have gone---the Jerusalem artichoke draws 
the Icurgest pcNlion of its sustenance from the air — or 'ijjields the greatest 
weight of food from the smallest weight of manure. It is true generally 
indeed that all those plants, which, like the Jerusalem artichoke and the 
white carroty g^w freely on sandy soils containing little vegetable 
matter and with the addition of little manure, extract the greatest pro- 
portion of their sustenance from the air^ Such plants, therefore, are 
likely to prove the most profitable articles of culture where such soils 
and a scarcity of manure simultaneously prevail. ~ 

J The mean of 225 experiments made by De Saussi^re between 1897 
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the whole weight of the Ibtmosphere at 15 lbs. on the square 
inch — that of the carbonic acid will be 0*009 lbs., or 63 grs, 
per square inch. But as carbonic acid contains only 27| 
per cent; of its weight of carbon, the weight of this element 
which presses on each square inch of the earth's surface is 
only 17* (17'39) grs. Upon an acre this amounts to 7 
tons.* 

But if the crop on each acre of cultivated land annually 
extracts from the air half a ton of carbon, the whole of the 
carbonic amd in tbe atmosphere would sustain such a vege- 
tation over the entire globe for 14 years only.' And if we 
even suppose such a vegetation to extend over one hun* 
dredth part of the earth's surface only, it still appears suffi* 
cient to exhaust the carbonic acid of the air in 1400 years. 

A very short period, compared even with the limits of 
authentic history, has yet elapsed since experiments began 
to be made on the true constitution of the atmosphere ; we 
have no very trustworthy data, therefore, on which to found 
a confident opinion in regard to the permanence of the pro- 
portion of carbonic acid which it now contains. The later 
observations of De Saussure do give a considerably lower 
estimate of the quantity of this acid in the air than tiiat 
which was deduced from the results of the earlier experi-« 
menters ; but the imperfection of the modes of analysis for- 
merly adopted was too great, to justify us in reasoning rigo- 
rously from the inferences to which they led. We cannot 

and 1829 gave as abore stated about 4-10000 or l*2500th part for 
the mean bulk of the caibonic acid in the air, which is nearly (>-1000^b 
of its^whole weight. Among these obsenrittions the i[n*-pFy*iitn w 5*8 
ten thousandths, the minimum 3-15. If we take the maximum bulk at 
6-lOOOOtha of the air— the maximum weiekt of the carbonic acid is near- 
ly 9-lOOOOths of that of the atmosphere. In dementary works it is gme- 
rally staled in jround numbers at 1-lOOOth of the weight of the air, but 
if the best experimental results we possess are to be any guide to U9| 
^is is at least one-third too high. 

It iff. also of conse(j^uence to remark, that this estiniate of the whole 
weight of the carbonic acid in the air is founded on the supposition th»t, 
in the highest regions of the atmosphere, the carbonic acid is present ii^ 
a proportion nearly equal to that in whicn it is found immediately above 
the earth's suriace — which is by no means established. 

* 15,583 lbs. — an acre being 4840 square yards, contiuning each 129$ 
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safely conclude from them that the proportion of carbon in 
the atmosphere has really diminished to any sensible extent 
during this limited period ; while the recorded identity of all 
the phenomena of vegetation render it probable that the pro- 
portion has not sensibly diminished even within historic times. 
From what sources, then, is the supply of carbonic acid in 
the atmosphere kept up ? — and if the proportion be perma- 
nent, by what compensating processes is the quantity which 
is restored to the atmosphere produced and regulated ? 

§ 3. Hov) the supply of carbonic add in the atmosphere is 
renewed and regtdated. 

On comparing, in a previous lecture, the quantity of rain 
which falls with that of the watery vapour actually present 
in the air, we saw reason to believe that even in a single 
year the same portion of water may fall in rain or dew and 
ascend again in watery vapour several successive times. Is 
it so also with the carbon in the air ? Does that which feeds 
the growing plant tb-day, again mount up in the form of 
carbonic acid at some future time, ready to minister to the 
sustenance of new races, and to run again the same round 
of ever- varying change ? Such is, indeed, the general his- 
tory of the agency of the carbonic acid of the atmosphere ; 
but when once it has been fixed in the plant it must pass 
through many successive changes before it is again set free. 
The conditions, also, under which it is restored to the atmos- 
phere are so diversified — and the agencies by which, in each 
case, it is liberated are so very distinct, as to require that 
the several modes by which the carbon of plants is recon- 
verted into carbonic acid and returned to the air, should be 
made topics of separate consideration. 

I.— ON THE PBODUCTION OP CABBOIflC 4CID BY BBSPIBATIOIf . 

The air we breathe when it is drawn into the lungs, con- 
tains jtVt^^ ^^ ^^ ^^^ ^^ carl^nic acid ; when it returns 
again from the lungs, the bull( of this gas amounts, on an 
average,* to ^th of the whole ; of its qwmtity is increased 
one hundred times. 

• It varie* in difibient individuals firom 3 to 8 per cent of the e3q>irp4 

w 
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The actual bulk of the carbonic acid emitted from tbe 
lungs of a single individual in 24 hours varies exceedingly ; 
it has been estimated, however, on an average, to contain 
upwards of five ounces of carbon."" A full grown man, 
therefore, gives off from his lungs, in the course of a year, 
upwards of 100 lbs. of carbon in the form of carbonic acid. 

If the quantity of carbon thus evolved from the lungs be 
in proportion to the weight of the animal, a cow or a horse 
ought to give off six times as much as a man.f Frotn indi- 
rect experiments, however, Boussingault:|: estimated the 
quantity of carbon actually lost in this way by a cow at 
2200 grains in 24 hours, and by a horse at 2400 grains. 
This differs so little from the quantity expired by a healthy 
man, as to render it very doubtful whether the weight of 
carbon which escapes from the lungs of different animals 
bears any direct proportion to their relative bulks or weights. 

If we suppose each inhabitant of Great Britain, young and 
old, to expire only 80 lbs. of carbon in a year, the twenty 
miUions would emit seven hundred thousand tons; and, al- 
lowing the cattle, sheep, and all other - animals, to give off 
twice as much more, the whole weight of carbon returned 
to the air by respiration in this island would be about two 
miUions of tons, or the quaptity abstracted from the atmos- 
phere by four millions of acres of cultivated land. 

Whence is all this carbon derived ? It is a portion of that 
which has been conveyed into the stomach in the form of 
ibod. Suppose the carbon contained in the daily food of a 
full grown man to amount to one peund — which is a large 
allowance— then it appears that, by the ordinary procesQe» 
of respiration, at least one4hird of the carbon of his food is 
daily r^umed into the air. 

air» In animals it vsudes also with the speeies. The air from the luneB 
of a cat contains from*5i'to 7 per cent, of a dog from 4^ to6|, of a rab- 
bit from 4 to 6, and of a pigeon from 3 to 4 per cent of the whc4e bulk, 
^pniong, Amal. de Chim, et de Pkys.^ third Series^ /., p. 455. 

• Pavy, and Allen and Pepys, estimated the weight of caibon evolv- 
ed in a OBiY at upwards of 11 ounces, a quantity which sdl writers haver 
Concurred in receivin? with suspicion; 

t Estimating the orainary weight of a man at 150, and of a cowatSOO 
to 900 lbs. — See Sprengel, hekrevom Dvmser. p. 906. 

t Jhsm^de CJUm, et de Phyt,, IzzL, pp. 197^md 13^ 
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In other animals the proportion returned may he different 
from what it is in man» yet the tife of all depends on the 
emission to a certain extent of the same gas.* And since 
all are sustained by the produce of the soil, it is obvious that 
the process of animal respiration is one of those methods, by 
which it has been provided that a large portion of the vege- 
table productions of the globe should be almost immediately 
resolved into the simpler forms of matter from which it was 
originally compounded, and again sent up into the air to 
minister to the wants of new races. 

II.-— ON THE PRODUCTION OF CARBOiaC ACID BY COMBUSTION. 

Another important source of carbonic acid is familiar to 
us in the results of artificial combustion. 

In the previous lecture I have shown how, by the action 
of the sun's rays upon the leaf, the carbonic acid absorbed 
from the atmosphere is deprived of its oxygen, and its car- 
bon afterwards united to the elements of water for the pro- 
duction of woody fibre. During the process of combustion, 
this labour of the living leaf is undone— 4he carbon is made 
to combine anew with the oxygen of the atmosphere, and 
the vegetable matter is resolved again into carbonic acid 
and water. 

Thus, when wood (woody fibre) is burned in the air, oxy- 
gen disappears, and carbonic acid' and watery vapour are 
alone produced. The theory of this change is simple. 

It will be recollected (p. 200) that in forming an equtvalent 
oi woody fibre or of sugar, 24 of oxygen were given off, chief- 
ly by the leaf — so in again resolving these substances into 
carbonic acid and water, 24 of oxygen are absorbed. Thus — 

1 of Woody Fibre = C'« H» 0« 
" 24 of Oxygen . = 0«* 

12 of Sof 

Carfoonic acid. Water, 
Sum . =C>« H» 0" = 12C0« + 8H0 
Or, 1 of Caot Sugar =C'« H^«0»» 
24 of Oxygen . = 0«* 

— — — l«of lOof 

Caibomeacid. Waler, 

Sum . = C> * H« • O^** = 12C0« + lOHO 

* That the proportion musi he leas in the iMger animabi is eortaia^ 
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The same law holds in regard to all other vegetable sub- 
stances. They are resolved into carbonic acid and water, 
in proportions which necessarily vary with the chemical 
constitution of each. 

It applies also to all bodies of vegetable origin^ among 
which nearly all combustible minerals may be reckoned. 
The peat and coal we burn in our houses and manufacto- 
ries, when supplied with a suffi<;iency of atmospheric air, 
are resolved during combustion into carbonic acid and 
watery vapour. 

Some vegetable substances contain a small quantity of 
nitrogen. When these are burned, this nitrogen escapes 
into the atmosphere, — generally in an uncombined state, — 
and mingles with the air. So in animal substances, nearly 
all of which contain nitrogen as an essential constituent. 
During perfect combustion the whole of the carbon is dis- 
sipated in the form of carbonic acid, while the nitrogen 
rises along with it in an elementary state. 

The result of this uniform subjection of all combustible 
matter to the operation of this one law, is the constant pro- 
duction on the surface of the globe of a vast quantity oi 
carbonic acid ;^-the re-conversion of large masses of or- 
ganic matter into the more elementary compounds from 
which it was originally formed. 

How interesting it is to contemplate the relations, at 
once wise and beautiful, by which through the operation of 
such laws, dead organic matter, intelligent man, and living 
plants, are all bound together ! The dead tree and the fos- 
sil coal lie almost useless things in reference to animal and 
vegetable life, — ^man employs them in a thousand ways tm 
ministers to his wants, his comforts, or his dominion over 
nature— and in so doing, himself directly though uncon- 
sciously ministers to the wants of those vegetable races, 
which seem but to live and grow for his use and sustenance. 

It is impossible to say wfa^t proportion of the carbon ab- 

Bince the daily food of a cow may be stated generally at eqaiTaknt to 
95 lbs. of hay, eontainins; upwaias of 10 lbs. of carbon. If one-third of 
this were eiven off from the lungs, the quantity of carbon (3| lbs.) evi^- 
^ ed would be ten times ereater than was indicated by the experiments of 
Boussingault, and neariy double of what the weight <^ a cow, compared 
with that of a man, reqiurea. 
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sorbed during the general vegetation of the globe, is thus 
annually restored to the atmosphere by the burning of retge* 
table matter. That it must be very great, will appear from 
the single fact, that by far the greater part of the globe is 
dependent for its supply of fuel on tl|e annual produce of 
its forests ; — while even in those more favoured countries 
where mineral coal abounds, the quantity of wood con^ 
sumed by burning falls but little short of the entire yearly 
growth of the land. 

In connection with this subject, I must draw your atten- 
tion to one interesting, as well as important, fact. I have 
spoken of coal as a substance of vegetable origin, and there 
is no doubt that all the carbon it contains once floated in 
the air in the form of carbonic acid. But the period when 
it was so mixed with the atmosphere, is remote almost be- 
yond conception. When, therefore, we raise coal from its 
ancient bed and bum it on the earth's surface, we add to 
Ihe carbon of the air a 'portion which has not previously ex* 
isted in th^ atmosphere of our time. 

The coal consumed in Great Britain alone is estimated 
at 20 millions of tons, containing on an average at least 70 
per cent., or 14 millions of tons of carbon. But if the an« 
nual produce of an acre of cultivated land contain half a 
ton (p. 219) of carbon derived from the air, the coal con* 
sumed in this country would supply carbonic acid to the 
crops grown upon 28 millions of acres. Or, since in Great 
Britain about 34 millions of acres are in cultivation (p. 4), 
the coal we annually consume produces a quantky of car* 
hdnic acid which is clone sufficient to suppiyfood to the crops 
that grow upon seven-eighths of the arable land of this 
country. 

m. — -PROBvarxoN of cakbonic acid by the xatukal de* 

CAY OF VEGETABXiE MATTIIB. LAW OF THIS DECAY. 

Over large tracts of country in every part of the globe, 
the vegetable productions of the soil are never cropped or 
gathered, but either accumulate— as occasionally in our 
peat bogs; or decay and gradually disappear — -as in the 
jungles of India or in the tropical forests of Africa and 
Southern America^ 
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The Jhud results of this decay are the same as those 
which attend upon ordinary combustion, but the conditions 
under which it takes place being different, the immediate 
results are to a certain extent different also. 

When a vegetable substance is burned in the air, the oz« 
ygen of the atmosphere is the only material agent in effect- 
ing the decomposition. The carbon of the burning body 
unites directly with this oxygen and forms carbonic acid. 

In the natural process of decay, however, at the ordinary 
temperature of the atmosphere, vegetable matter is exposed 
to the action of both air and water ; these both co-operate 
in inducing and carrying on the decomposition, and hence 
carbonic acid is not, as in the case of combustion, the chief 
or immediate result. 

A detail of aU the steps through which vegetable matter is 
known to pass before it is finally resolved into carbonic acid 
and water, would be difficult for you to understand, and is 
here unnecessary. A general view of the way in which by 
the united agency of air and water, the decay of organic 
substances is effected and promoted, may be made very in« 
telligible, and will sufficiently illustrate the subject for our 
present purpose. 

: In combustion, as we have seen, the whole of the vegeta- 
ble substance is resolved directly into carbonic acid and 
water, at th^ expense of the oxygen of the atmosphere. In 
natural decay a small and variable portion only is so 
changed, but to the extent to which this change does take 
place carbonic acid is directly formed and sent up into the 
air. Suppose such a change-^ slow combustion in reality 
-^to take place to a certain extent, and let us consider what 
becomes of the remainder of the vegetable matter. 

1°. If we add 
6 of Cabboitic Acid . . = C« 0>« to 

6 of Light Cabbubetted ? = c» H>« we have 

Hydbogen (C H* ) i 

The sum . . = C'» H'« 0'«; or, one of 
|[rape sugar ; — ^that is, one of grape sugar may be formed 
out of the elements of 6 of carbonic acid, and 6 of light 
carburetted hydrogen. Or, conversely, grape sugar being 
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already produced, it may be resolved or decomposed into 
these two compounds in the same proportions, without the 
aid of the oxygen of the atmosphere. 

2°. So if to 
1 of Woody Fibre = C'« H* 0« we add 

4 of Water . . = H* O* 

' Carbonic Light Caibu- 

Acid, retted Hydrogen. 

We have, as before, C'^ H'^ O^a = 6 CO^ + 6 CH« 
Or by the aid of ihe elements of 4 atoms of water, woody 
fibre may be resolved into 6 of carbonic acid and as many 
of light carburetted hydrogen. 

3^. Again, in the case of a vegetable acid, if to 
1 of Tartaric Acid = C* H« 0» we add 
1 of Oxygen . . = O* 

Carbonic Light Carbu- 

Acid. retted Hydt'ogeo. 

We have C* H» 0« = 3 C 0» + C H^ 

That is, by the aid of one of oxygen from the air, one of 
tartaric acid may be resolved into 3 of carbonic acid, and 1 
of light carburetted hydrogen. It is easy to see how any 
r;th( r f f the mcro crrrmon vegetable prrduofions may — 
either at the expense of its own elements, as in grape sugar 
—or by the aid of those of water, as in woody fibre — or of 
the oxygen of the atmosphere, as in tartaric acid — ^be re- 
solved into carbonic acid and light carburetted hydrogen, in 
certain proportions. 

Now, such a resolution does really take place to a consid* 
erable extent in nature, during the decay of organic sub- 
stances in moist situations. Hence the evolution of light 
carburetted hydrogen from dead vegetable matter in marsliy 
places and stagnant pools — ^hence the production of the 
same gas in compost heaps, and especially in rich and heat- 
ed farm-yard manure — and hence also its occurrence in such 
vast quantities in many of our coal mines. 

Tou will now be able to appreciate one of the reasons 
why this light carburetted hydrogen has been supposed by 
some phydologists (p. 65,) to contribute as food to the or- 
dinary nourishment of plants. It is produced in nature in 
many and varied situations, and it has been found by ex- 
periment to exercise a visible influence upon the growth of 
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plants ;— beiog so produced where young plants grow, is* it 
' never imbibed by them ? — being possessed of this influence, 
is it entrusted with no control over the general vegetation 
of the globe ? 

However this may be, by far the greatest portion of both 
these gases escapes into the air ; — the carbonic acid to ful- 
fil those purposes which have already been considered, — 
the light carburetted hydrogen to undergo a further change, 
by which it also is resolved into carbonic acid and water. 
Thus, if to 

4 of Oxygen . . . . = O* 

Carbonic Acid. Water. 

We have . C H» O* or CO* +2H0 

Or one of this gas with 4 of oxygen may be changed into 
1 of carbonic acid and 2 of water. 

Now, when this gas escapes into the air it becomes dif* 
fused through a large excess of oxygen, and is thus ready, 
at any instant, to be decomposed. Through the atmos. 
phere streams of electricity are continually flowing, and 
every wandering spark that passes athwart a portion of this 
mixture decomposes so much of the light gas, and produces 
in its stead the equivalent proportions of carbonic acid and 
watery vapour. Thus it happens that of the vast quantity 
of this and other combustible gases which are continually 
escaping into the air, so few traces are discernible even by 
the aid of the most refined processes of art. By a wise 
provision of nature such substances as are void of use to 
either animals or plants, if not speedily removed from the air 
altogether, are there converted into such new forms of mat- 
ter as are fitted to minister to the necessities of living beings. ^ 

Though therefore in the natural decay of vegetable mat- 
ter in the presence of air and moisture, a certain portion of 
its carbon escapes into the air in the form .of light carbu- 
retted hydrogen — this compound is but a step towards the 
final change into carbonic acid and water. In the soil the 
vegetable matter is continually undergoing decay, various 
substances are produced in greater or less quantity, some 
solid, some liquid^ and some gaseous like the light gaa of 
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H^ are tmly hasteniiig-HsofiM' iiyoas road, , to to apeakt 
aad 9Qne ^ aao&dr-^-f^orrtrardB that ^nal 4ie»tioatioii whieb 
•ooaer or kter they fur^ all fiited to reacb; wtton ill tha 
form of earboma aold:aiid wttor tboy ahdl be ma oopAu ■-. 
tiM to' wwadeo' i^gaib to the Baurutaieot of all plants. 

WUa^ia ttoaoU/aomo p«rt of t)|iayi^«taMe tnatteroa*. 
i!«mes fonsw wbkl&ai^OB|HiliAe of ^itsnog agaiii istp th*- 
roota of li?iag ptaktiy^a|ld, wUkottl fufdier veioiiitiOii Ia &e 
aify of beiog oonrefted b^r tba Hving pVuit Into por&as of 
til OMTo aob^talioe* Tho natttre mud confiM^tioii of tbfloo' - 
feraw of matter^ 90 fiit oet tbey ara known, will be aon»^ 
iidered in a jMb9ooi]^irt leetore** ''. 

it it ulMo tbe >ftrMil rendt of tbis natorai decay tO:wbich> 
idlTOg^Ubkmaiter taaobjeet, tbettWearboekxacido^ i 
atmosphere dependftiorits krgest 8i]q[>piie^ The ia|mii^ 
ykh wbMi <N:gaaised bodi^. perbb, aj|d become, Feaoire^ 
tndto gaseous eompoufids, depends partly upon tbe climate 
and partly on tbe nature oTtbe •tibstanceatbeniaetrai,-'^4Mil 
^ borry fiurward to the^same ead^ sMd it la wttb diffi^nltjf 
tbat weareable^fbTja tiBra tomesiore^entoretavd tbair 
steps*. Itia by tbia perp^u^ and active obe<b^ieo of all 
deadl matter to one fixod few that tbe exisdog-conditiea of 
Umpt is m^tained ^ — and tbna h bappen that eitbev kf 
the res^atioo of tba aninuds whic^ live aponr it» l^ the 
pioceaa <^ combostion, or 1^ that i^apoDlanaons deeay« the 
^^iro cro^ c^ vegetable produce is afpas^endpi year hf 
year-^-'taking tbe afvecage 1^ A smriea of yeanHHWsolvea 
ijilo the f<Nra»3 of matter fronr which H'vnm ori^&aHy buik 
ii|ir^r«4UMi the eubs^noes on wbiob ^hata Ibed at iei^tib 
festered to the air in tbe preeiae prqKHrtfant in wUdi tbejr- 
have be#a taken from it» 

¥!♦ — VtATVUXls mrtHttmOfN OP OAttO^O AOTO IK YOLCAllie 
^ • COVNTKOBa* 

The above afiporeiit conchntoA wonld be abeoli^ty tnie> 
wore tiiere tto tmiues in ^>emtioii by wbiob ^eimtotmtieai 

^ «S9ei*rart{L«toU9t«i^«'OafiU<#a#fMtfimief«^ 
«0a 
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U« iwh8fanicwj»y »ymtod . « a nd iio.ittberaoiiree^uidepMi^ 
deat of .^auftdjw orguiic. nutttevt bam iM^ttathom^ mM 
mky be «tip|^ied t^ the air. 

if 4lM wIm^ Of Ibe enrbott Jb« feot relmrBaJl to tile «ir,tii» 
Qi|u:faooic iH»d of the mkmo^hete miy. be uadergeiag dinii^ 
ewtiefi^ .irfaiie«'4f m ktge sBjpp^ be4HMifii«tttly pouiwl tei^ 
the &« £e6« eoioreee iadc^esdeii t ef t«gelabl4 
pertioa ef 4»tbeeic eqd may be coatMweliy <m the lacrpie<e • 
We have eeeB-that the eoobea^ of fnett eoel adde t» 
4iejttr « kirgB 4|iiaiitit3r of Wbonie iadd whk^ ht» never 
befiwet exbted tn the atnioephere of our Inae.' la meay 
Totcamo districtii also^ earboiiie acid k tkmaHfifei tD fa g tio iit^ 
tttDtf qeentity f rbat eradcs and ^mmm m the eas^h ^-^imn 
oeie^snM eoaietimes by water, ftrmtng mhientl epriugay. 
feeoi which the copiofieemi09io& of ^ae is leadity feiamv&^ 
«Mce freqnetitly, perhape, rtsioig ufdkmm^mmk tbaa eMapiag 
fMemt oleerTati<ai. 

f- It laoit obriotts)^ be exceediogfy dtfbiik to eetiaAate th» 
fpiaaftity ofgM wluefa mesinfo tibe air ta Mich ciroQinstatt-' 
«0a everaacacteiittvettact of country^ iartka^bjofed aa^ brohett 
itf^ by FQleaaie'ag«ncy'«^whisre the oiitleli are iittmenNM^ 
eM the aie at which the gaireacapea rery yariable. That 
ia maay localitiee k miist be irery great, however, thiere ea^ 
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BiwAf^ mmpm ^MwteBtty fato A« ftir, tlie wdglit of ear« 
bte (M miHkm of tcHi»>^Mi9 diA»0d tbroagh the atmoB. 
p i i e r e would b# ei^ oqcml to limt wMefa is y^Hy dtawii 
ftom liw ^r by^*^ i&itS<»» of acretf of land mMbsr cultiva- 
lioii (p. 2^19)^i»d only twice j» mach as tkat contained 
10 the peri iHiioh k anmalljr tooMmiocI in Great BrilMi 
akme. 

StiD if the wkoiie of the carbon oontalned in the prodoco 
<rf the geneml vegetation of the ^lobe be lidtunately restored 
to the atr, — either by the respiration of animals, by the 
mtarri and dow doeay of ?eg^i^ matter, or by the more 
niiid proeesax>f eombusttoayr-^ oonatajiit addition of earw 
Ixoie acid derived from rdkanoest a^d from the eombua- 
tion W (omU coal, should uradaaDy, thou^ slowlyi iiog. 
uni^ the proportioft of tUs gas, in the air we fareatbej--* 
mhiiMr it ha pecpetoaUy uofimg^ing « p^^ioaneiit dtminiN 
tion, to at least an eqnid ^Etent, from the operation of other 
oaMW^ • Ia referettoe to ^ pohrt th^e aare throe eirciniN 
aiances which are proper to be considered : — 

1^* It hacr b^ea observed that, as we recede from the land 
and i^^pfoach tha oeatre of ^^reat lahe^or sail into the open 
0ea» the ^^nti^ of carbomc acid in the aic i^raduaUy & 
ipiniiAea* It is therefibre inferred that the sea i$ constant 
lj;» and toaseosiUe extent, absorbing carbonic acid from 
tbn atmo^diere^ without altorwards restoriog it, so (ar as ta 
yetfcnowB^ 1^ any compensating pi^ocess. 

2^"^* The wf^ters which &yw into the sea or great takes 
ooostantly bear down Srith then portions of animal and 
vegetfd>te matter. These &11 along with the miid which 
the waiera bold in su^enston, ^nd i^e permanently imbed, 
ded in the* d^Mmta of cky, silt, 'aad sandy wht^jpre ooa» 
tMinaUy in the, course of formation^ 

a*'. In many parts of tho worki, emeiaBy in t^ ]a<i«^ 
tados North apd. SooUi of 4&S v^pstaMo Witor nmsmmi^ 
lates in the fena of peat, becomes uiried beneath clay and 
MMi^'and t^ is prevent ^am untegoi^^ the of^ttary 
ptocesa^ natnral dee»y« 

it Is impossible to say how ninch carbon is pernnanently 
wittudiawQ 6f^ the atmoif^ere by these savem agenoie*. 
Hiofe is teaaon to hefieve that it is qittte as graal m^^^ 
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^ 9V9latioo of i^mti>oiiie ^d is Vsplcm9ic distitctB, I&dee4 
th^iriupply fr^ tbese Iwa ooofcetji^peairs.ta lelooi -only a 
smdl ppjEtioi^ of tluU ci^vbooio acM: wfakh itf irfislmditfd 
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the gradual rerconversion of vegetable Mbetaii^be^ mU> tsar^ 
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§ 4. Cf the swpply of Ammonia to plants. 

In a previous lecture it has been shown that in our culti- 
vated fields plants derive a portion of their nitrogen from 
the manure which is added to the soil. But the quantity of 
this element present in the manure, supposing it all taken 
up and appropriated by the plant, is seldom equal to that 
contained in the series of crops which this manure assists 
in raising. 

Thus, in the experiments of Boussingault already de- 
scribed (p. 215), the manure added previous to the first, or 
four years' course, contained 157 parts of nitrogen, whil6 
the crops contained 261 parts,— or nearly two-thirds more 
than cauM be derived from the artificial manure. 

Whence is this excess of nitrogen derived, and in what 
form does it enter into the plant ? Liebig replies to these 
questions, that the whole of the nitrogen absorbed by plants 
enters in the state of ammonia, and that the excess above 
what is present in the manure is drawn either from the soil 
or from the air. This opinion, advanced by so high an 
authority, demands our attentive consideration. 

Ammonia has been detected in many clays, and traces 
of it may be discovered in most soils, but it is not known 
to be a natural or essential constituent of any of the solid 
rocks of which the crust of the globe is composed. These 
clays and soils, therefore, may be supposed \o have derived 
their ammonia from the atmosphere ; and Liebig ascribes 
the fertilizing action of the air upon stiff clays when fal- 
lowed,^ of burned clay when appUed as a top-dressing, and 
of gypsum on grass* lands, to the larger quantity of am- 
monia which the surface of the soil is by these means 
caused to absorb and retain. 

There is no question that ammonia is present in the at- 
mosphere in small and variable quantity (p. 45). Whence 
is this ammonia derived, and is its quantity sufficient to 
supply the demands of the entire vegetation of the globe ? 

When animal substances undergo decay, nearly all the 
nitrogen they contain is ultimately separated from the other 

♦ See note to page 70. 
' 20 B 
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constituents in the form of ammonia. During the decay of 
plants also, a portion of their nitrogen escapes in the state 
of ammonia. Of the ammonia thus formed, much ascends 
into the air, chiefly in combination with carbonic acid as 
carbonate of ammonia (smelling salts), and much remains 
in the soil. Were the whole of the nitrogen contained in 
plants ai^d animals to assume the form of ammonia when 
they decay, and to remain in the soil or in the imr, it would 
always be within the reach either of the roots or leaves of 
the living races ; and thus the same ammonia* might again 
and again return into the circulation of new vegetable 
tribes, and be always alone sufficient to supply all the 
demands of the existing vegetation of the globe. 

But of the ammoma thus formed, a portion is daily 
washed from the soil by the rains and carried to the sea, 
and much more probably is washed from the air by the 
waters of the sea itself, or by the rains which fall directly 
into the wide oceans ; and we know of no compensating 
process by which this ammonia can be restored to the air, 
and again made useful to vegetation. 

Besides, of that which still^remains in the air much must 
undergo decomposition by natural processes. In treating 
in a preceding section of the evolution of light carburetted 
hydrogen during the slow decay of vegetable matter (p. 228), 
I have shown how, in consequence of its admixture with the 
oxygen of the atmosphere, this gas is finally decomposed, 
while carbonic acid and water are produced. Ammonia in 
like manner will burn in oxygen gas, and when mixed with 
atmospheric air may be decomposed by the electric spark — 
water at the same time being formed and nitrogen set free. 
Thus, if with 

1 of Ammonia = N H^ we mix 

8 of Oxygen ^ O^ we have 

3 of water. 1 of nitrogen. 

the Sum NH^ O^ = 3H0 + N 

or, when diffused through the air, 1 of ammonia, with the 
aid of 3 of oxygen, will yield 3 of watery vapour, while the 

* Or ammonia containing the same nitrogen-r-supposing the hydro- 
gen to have been changed. 
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nitrogen may* mingle with the air in an elementary form. 
Can we doubt that ammonia is thus decomposed in the 
air ? Not to speak of other forms assumed by the electri- 
city of the atmosphere, can the thunder-storms of the tropi- 
cal regions pass unheeded the ammoniacal vapours they 
must meet with in their course ? 

I conclude, then, that of the ammonia which is formed 
from the nitrogen actually existing in animal and vegetable 
substances during their" decay, only a comparatively small 
portion ever returns again to minister to the wants of new 
races, f 

But if plants obtain all their nitrogen from ammonia,^ 
how is this waste repaired — whence are new supplies con- 
stantly derived ? 

We have seen that, in certain volcanic countries, car- 
bonic acid is evolved in vast quantities from rents and fis- 
sures in the earth. In some of these districts— and this 
has been observed more especially in Italy and Sicily, and 
it is said also to some extent in China — ammonia is like- 
wise given off, in combination generally with some acid, 
and most frequently with the muriatic acid in the form of 
sal-ammoniac (muriate of ammonia). " This ammoniaf" 
Liebig is correct in spying, "Aa* not been produced by the 
animal organism ;" but he assumes a very doubtful position 
when he adds, "t« existed before the creation of human 
beings; it is a party a primary constituent of the globe 
itself.^ 

Where, we might ask, has this ammonia existed during 

♦ I say manfj because it may at the same time combine with oxygen 
and form nitric acid. — See the following section, p. 239. 

+ I miffht add, that of the ammonia which does return, and is again 
absorbed, a portion is subsequently decomposed in the interior of living 

{)lants, as is shown by the evolution of nitrogen from the common 
eaves of some and the flower leaves of others. 

X " Wild plants obtain more nitrogenfrom the atmosphere^ in the form of 
ammoniay than they require for their growth, for the water which evapo- 
rates through their leaves and blossoms emits, after a time, a putrid 
smell — a peculiarity possessed only by such bodies as contain nitro- 
gen*" Liebig, Organic Chemistry applied to AgricuUwe, p. 85. Does 
the fact here stated, justify the conclusion which appears to be drawn 
Iromiti 
$/^,p. 112, 



Digitized by LjOOQIC 



236 INDIRECT PBODUCnON OF AMKONIA. 

all past time— from what deep caverns of the earth does it 
DOW escape ? 

This opinion of Liebig, as well as the paramount influ- 
ence he ascribes to ammonia over the vegetation of the 
globe, are based chiefly on thp fact that we know of no 
means by which ammonia can be formed by the direct 
union of the hydrogen and nitrogen of which it conidsts. 

But the production of ammonia, by the indirect union of 
these elements, is daily going on i^ nature, and can even 
be effected by different processes of art. Thus — 

1°. When organic substances, which contain no nitro- 
gen, are oxidized in the air, ammonia is not unfrequently 
formed (Berzelius). Hence it must be produced in un- 
known quantity during the annual decay of all vegetable 
substances. 

2°. When inorganic substances are oxidized in the pre- 
sence of air and water — as when moist iron filings are ex- 
posed to the air (Chevallier), or when ca'tain oxidized sub-' 
stances are decomposed in the air by means of potassium 
(Faraday), or when metals, such as tin filings, are rapidly 
oxidized by means of nitric acid, ammonia is also produced 
in variable quantity. Hence the absorption of oxyg^i, 
even by the inorganic substances of the soil, may give rise 
to the formation of ammonia. But, 

4°. The fact which most clearly illustrates the produc- 
tion of ammonia in nature, both on the surface of the earth 
in the soil, and far in the interior near the seat of volcanic 
fires, is this, that if a current of m(»st air be made to pass 
over red-hot charcoal, carbonic acid and ammonia are si- 
multaneously formed.* This is in reality only a repetition 
in another form of what takes place, as above stated, when 
vegetable matter decays, or iron filings rust in moist air. 

* This experiment is easilv performed by dratoing a current of mixed 
atmosoheric air and steam tnrougha red-hot ffun-barrel filled with well- 
bomea charcoal, and causing the current, on leaving the barrel, to pass 
through water acidulated wim muriatic acid. After a time, the water, 
on eraporation, will be/ound to contain traces of sal-ammoniae. What 
thus takes place in a small experiment of this kind must more readily 
and more largdy take place in the interior of the earth, where combus- 
tible substances at a high temperature happen to be exposed to a cur- 
rent of atmospheric air, mixed with watery vapour. 
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The carbon and the iron decompose the watery vapour in 
the air, and combine with its oxygen, while, at the instant*" 
of its liberation, the hydrogen of the water combines with 
the nitrogen of the air, and forms ammonia. 

The source of the ammonia evolved in volcanic districts, 
therefore, is no longer obscure. The existence of combus« 
tible matter in such districts, and at great depths beneath 
the surface, can in few cases be doubted, and the passage 
of a mixed atmosphere of common air and steam over such 
combustible matter, at a high temperature, appears to be 
alone necessary to the production of ammonia* It ia un- 
necessary, then, to have recourse to doubtful speculations 
in order to account for the natural reproduction of ammo- 
nia, to a certain extent, in the place of that which is con- 
stantly undergoing decomposition by the agency of causes 
such as those above described. 

But is the indefinite quantity of ammonia reproduced by 
these indirect methods sufficient to replace aU that is lost ? 
Can it be supposed to impart to plants all the nitrogen they 
require ? These questions will be considered in the follow- 
ing section. 

§ 5. Of the supply of nitric acid to plants. 

In regard to the action of nitric acid upcm vegetation it 
is known-^ 

* A beautiful illustration of the tendency whidi elementary Bub- 
stances have to unite with each other at the instaml of their liberation in 
what chemists call their luucent state, is mentioBed by Runge. — ^£tfUei- 
timg in die tecknische Chemie, p. 373. 

If 1 part of hydrate of potash and 20 of iron filings be heated toge- 
ther hydrogen onby is given off. 

If 1 of nitrate of potash and 20 of iron filings be heated together^ 
nitrogen only is given off. 

But if 40 of iron filines be mixed with 1 of hydrate and 1 of nitrate of 
potash, and then heated, ammonia becomes perceptive. 

The nitrogen and hydrogen being given off together, and at the same 
instant, some portions g£ each find themselves in a condition to unite, 
and thus ammonia is produced. The same result must follow in many 
natural operations, when hydrogen and nitrogen are set firee from a 
previous state of combination, at the same time, and in the presence of 
one another. 
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1°. That when, in the form of nitrates of soda, potash, 
&c., it is spread upon the soil, it. greatly promotes the 
growth and luxuriance, of the crop and increases its pro- 
duce ; and 

2°, That, when other circumstances are favourable to ve- 
getation — as in certain districts in India — the presence of 
an appreciable quantity of these nitrates adds largely to the 
fertility of the soil.* 

The same effects af e unquestionably produced by the ad- 
dition of ammonia or by its natural presence in the soil. 
The Ibeneficial influence of both compounds, then, being 
recognized, the relative extent to which each operates upon 
the general vegetation of the globe will be mainly deter- 
mined by the circumstances and the quantity i^ which they 
respectively exist or are reprodu<;ed. 

In regard to the existence of nitric acid, it is not known 
to form a necessary constituent of any of the solid rocks pf 
which the crust of the globe is composed, but is diffused al- 

* For the following, and other interesting notices, regarding Indian ag- 
riculture, I am indebted to Mr. Fleming, of Barochan, in Renfrewshire, 
whose long residence in the districts to which he alludes, as well as 
the interest he takes in practical agriculture, renders his testimony very 
valuable : 

" Thft districts of Chaprah, Tirhoot, ai^d Shahabad, near Patna, 
where a large proportion of the saltpetre sent from Bengal is produced, 
are considered the most fertile in Bengal, producing 3 and sometimes 3 
crops yearly. The natives of these districts, particularly a caste called 
Ctmrees ^hereditary gardeners), who cultivate the best land, and pro- 
duce the oest crops, are in the habit of irri^ing their fields with wa- 
ter from wells so stronffly impregnated with sStpetre amd other salts 
as to be quite brackish, and they consider onions, turnips, and peas, 
most benefitted by this irrigation. Grain crops also grow most luxu- 
riantly on lands yielding sutpetre, where there is enough of rain within 
a week or two auer the' seed is sown, but if a drought follows the sow- 
ing, and continues for 3 weeks or a month, the leaf becomes yellow, 
and the crop fails. 

'* The Hindoos do not fi;enerally manure their lands, as the dung of 
.the cattle is used for ftid, but the Cluirees collect the ashes of cow 
dung and of burned wood, and use it as a manure in some cases, 
chiefly for the poppy plant. ' 

" The Hindoos have for ages been well acquainted with the rotation 
of crops, and the advantages of fallowing land, although a great propor- 
tion o5f the land is almost constantly in nee, Indian com, or millet, du- 
ring the niiny season, and in wheat or peas during the dty season." 
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most universally through the soil which overspreads the 
surface. In the hotter regions of the earth, in India, in Af- 
rica, and in South America (p. 76), it in many places ac- 
cumulates in Sufficient quantity to form incrustations of 
considerable thickness over very large areas, and in many 
more it can be separated by washing the soil. Even in the 
climates of Northern Europe, it itf rarely absent from the 
water of artificial wells, into which the rains, after filtering 
through the surface, are permitted to make their way.* 

On the whole,, nitric acid and its compounds, appear to 
exists ready fra-med in nature, in larger quantity than either 
ammonia or any of its compounds. 

Of these nitrates, as they do of ammonia, the rivers must 
be continually bearing a portion to the sea, but there are in 
nature unceasing processes of reproduction, by which not 
only this waste of the nitrates is repaired, but that further 
waste, also, which is caused by their absorption into th^e 
roots and subsequent decomposition in the interior of plants. 
Let us shortly consider these processes of reproduction. 

1°. When a succession of el^ric sparks is passed 
through common air, nitric acid (JrO«), is slowly but sen- 
sibly formed. The currents of electricity which in nature 
traverse the atmosphere must produce the same effect, 
and the passage of each flash of li^tning through the air 
must be attended by the formation of some portion of this 
acid. 

After a thunder storm plants appear wonderfully re- 
freshed ; in thundery weather they grow most luxuriantly, 
and other things being equal, those seasons in which there 
is much thunder are observed to be' the most fruitful. Some 
have ascribed these results to the immediate agency of elec- 
tricity on the growth of plants.f Is it not equally possible 
that they may be connected with this necessary production 
of nitric acid ? 

* It occtirs in the wells of the neighbourhood of Berlin (Mitscher- 
lich), in the form of nitrates of potash, lime, and magnesia, in the wells 
aroimd Stockholm, and may be expected in all wells that are dug (Ber* 
zelius). — TVaite de Chemie^ iv., p. 71. 
' t Sprengel, Chenvk /., p. 99. 
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In the rain which fell during 17 thunder storms, Lielng 
found nitric acid always present and generally in combina- 
, tion with lime and ammonia. In the rain which feU on 60 
other occasions, he could detect it only twice. In minute 
quantity nitric acid is difficult to detect. How much then 
must be formed in a thunder storm, even in our climate, to 
make the presence of this acid always appreciable in the 
rain that falls--*how vast a quantity in those warmer cli- 
mates where such stwms are so frequent and so appalling ! 

2<'. When a mixture of ammonia with oxygen gas is ex- 
ploded by passing an electric spark through it, a quantity of 
nitric acid is formed, even when the oxygen is not suffi- 
cient to oxidize the whole of the ammonia"" (Bischof). 
Hence, if in ^e air, as we have seen reason to believe, the 
ammonia given off from deca3ang animal matters, and from 
other sources, be decomposed by the atmospheric electricity, 
— there will necessarily be. formed at the same instant a 
portion of nitric acid, at the expense of the nitrogen of the 
ammonia itself. This nitric acid wiH, as necessarily, com- 
\,^ iHne with some of the iChimonia which still remains in the 
air. Hence the existence and production of nitrate of anu 
monia in the atmosphere, and the consequent preselice of 
this acid along with ammonia in rain water* 

Thus the very cause which in the preceding section was 
shewn to operate in constantly diminishing the amount of 
ammonia in the air, and the operation of which certainly 
renders improbable the existence of this compound in the 
at|»osphere in the large quantity supposed by somef — this 
same cause is at the same moment constantly reproducing 
nitric acid. And, though much of what is thus produced 
must necessarily, as in the case of ammonia, be carried 
down to the sea by the rains, or be directly absorbed by the 

* It was shewn above (p. 234), that 1 of ammonia NH^ requires 
3 of oxygen to decompose it, forming ,3 of water, and setting the nitro- 
gen free. But, in reality, as Bischof has shewn, the nitrogen is not 
wholly set free, but a portion both of its hydrogen and nitrogen combine 
with oxygen (are oxidized) at Uie same instant, forming simultaneously 
both water (p. O), and nitnc acid (N O*). 

t See especially Liebig's Orgamc Ckcmistfry wppiied to AgricuUwe, 
p. 74. 
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waters of the ocean themselves, yet it is obvious that in 
whatever proportion we may suppose the ammonia of the 
air to reach the leaves and roots of plants, in no less propor- 
tion must the nitric acid, with which it is associated, be 
enabled to enter into the circulating system of the various 
tribes of living vegetables, that flourish on every quarter of 
the globe. 

3°. Again we have seen that, during the decay of vege- 
table substances in moist air, ammonia is formed at the ex- 
pense of the hydrogen of the water and of the nitrogen of 
the air. In consequence of, or in connection with, such 
decay, nitric acid is also largely produced in nature. 

The most familiar, as well as the most instructive exam- 
ples of this formation of nitric acid is in the artificial nitre- 
beds of France and the North of Europe. These are formed 
by mixing earth of different kinds with stable manure or 
other animal and vegetable matters, and exposing the mix- 
ture to the air in long ridges or conical heaps, which are oc- 
casionally watered with hquid manure, ai 
expose fresh portions to the air. After a 
a year, the whole is washed, when the m 
off is found to contain a variable quantity 
potash, soda, lime, and magnesia, which 
the manufacture of saltpetre. In these 
been observed that the production of nitr 
not take place at all, or only with extrem 
animal and vegetable matter be present ii 
portion. And yet the quantity of nitric ac 
is much greater than could be produced by the oxidation of 
the whole of the nitrogen contained in the organic matters 
present in the mixture.* It is also observed that the nitre- 
beds are more productive when a portion from one outer 
face of the heap is lixiviated from time to time, and the 
washed earth added to the other side, than when the whole 

* Dumas, TraitS de Chemie II., p. 725. He adds, that 100 lbs. of 
nitre contain the nitrogen of 75 lbs. of ordinary animal matter, sup- 
posed in a drv state, or of 300 or 400 lbs. in its ordinary state of mois- 
ture,^a much greater relative proportion of animal matter than is ever 
added to the heap. 

21 . 
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is lixiviated at once, and a^ain formed into a heap and ex- 
posed to the air. 

It appears, therefore, that organic matters are in our cli- 
mate necessary to cause the formation of liitric acid to com- 
mence, but that after it has begun it will proceed in the 
same heap for an indefinite period, and at the expense ap- 
parently of the nitrogen of the air only. 

Compost heaps are in general only artificial mtre-bada, 
often unskilfully prepared and badly managed, produeingy 
however, a certain quantity of nitrates, to the presence of 
which their effect on vegetation may not unfrequently be 
ascribed. To this fact we shall hereafter recur. 

The soils in the plains of India, and in other similar spots 
in the tropical regions, may be regarded as natural nitre* 
beds, in which, the decay of organic matter being vastly 
more rapid than in our temperate regions, the production of 
nitric acid is rapid in proportion.* 

4°. But in many localities in which the presence of or- 
ganic matter is not to be recognised in sensible quantity, 
the production of this acid is observed to proceed with a 
constmt and steady pace. Thus, from the walls of certain 
caves in Ceylon a layer is yearly pared off, which yields 
an abundant crop of saltpetre (Dr. John Davy). The cele- 
totted Mammoth cave in Kentucky, situated in a Umestone 
ridge, yields an inexhaustible supply of nitrate of lime. 
During the war with Great Britain, fifty men were constant- 
ly em^oyed in lixiviating the earth of this cave, and in 
about three years the washed earth is said to bec(»ne as 
strongly impregnated as at first. Through the cave a 
strong current of air is continually rushing — ^inwarda id 
winter and outwards during the summer months. On the 
plaster of old walls, especially in damp situations, an efHor* 

* We are as yet too little acquainted with the natural history of the 
district of Arica in South America, in which, as already stated (p. 76), 
the nitrate of soda has been accumulated in such large quantity, to be 
able to say to what spedal cause the accumulation is due. But as, 
from the description of Mr. Darwin, the locality appears to have been 
the site of an ancient lake, it is not unlikely that tne nitrate may have 
^been derived from the successive washing of a soil similar to that of 
India, by rains or periodical floods, which for a long period emptied 
themselves into or &d the lake. 
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escence of this and other nitrates is frequently observed 
over every part of Europe. In China, according to Davis, 
the old plaster of the houses is so much esteemed as a ma- 
nure, that parties will often purchase it at the expense of a 
coating of new plaster. Old clay walls, and especially the 
walls of clay-built huts, are said to be very fertilizing to the 
land, when applied as a top-dressing, and in some parts of 
England, where the land is poor, the people are said to pile 
up the soil in the form of walls, in order to improve its 
quality. These latter facts seem to indicate that both in 
China and England nitric acid is produced in similar cir- 
cumstances, and that to its production the fertilizing action 
of the old plaster, and of the weathered clay, is alike to be 
attributed. 

In the cultivated soil also, thifl acid is ^med in ordinary 
circumstances. Braconnot found nitrate of potajsh in the 
botanic garden at Nancy, in a portion of soil in which pop- 
pies {jHipaver somniferum) had grown luxuriantly for ten 
years in succession — ^in larger quantity in the soil surround- 
ing the interlaced roots of an eselepias incamata^ growing 
in an ordinary flower-pot, with a hole in the bott(mi — as 
well as in moss earth, in which a plant of euphorbia breoni 
had been grown in a pot.'*' There is little reason to doubt, 
indeed, tt^t nitrates are to be found, in greater or less 
quantity, in all cultivated soils. 

I shall not enter into a detailed inquiry how this nitric 
acid is formed. It is probable that as in the atmosphere 
ammonia may be decomposed and give rise to the formation 
of nitric acid, so in the soil this acid may result from a simi- 
lar decomposition, proceeding more slowly, but according to 
the same natural laws. In warm climates, indeed, it appears 
certain that the ammonia which is evolved or formed during 
the decay of animal and vegetable substances, does speedily, 
and to a great extent, undergo oxidation,f and thus give rise 

♦ An. de Chim, et de Phys.^ IxxSi., p. 33 to 35. 
t For the perfect oxidation of 1 of ammonia, no less than 8 of oxy- 
gen are required. Thus 

lot 1 of 8 of 

Ammonia. KitricAcid. Water* 

NH»+80=NO»-J.3HO 



Digitized by LjOOQIC 



244 aUAMTITY IN WHICH IT 18 BSPBODVCSD. 

to the greater abundance of nitric acid with which the tro- 
pical soils abound* 

Thus, in the eccmomy of nature, much ammonia is de- 
composed in the soil ako, and hence another cause for the 
constant diminution of the quantity of this compound in 
addition to those already detailed in the preceding section* 

But, besides the portion of this nitric acid, which owes 
its existence to the decomposition of ammonia, much, by 
far the greatest proportion in all probabiUty, derives its <Ni- 
gn from the union of the elements of the atmosphere itself* 
This direct union is effected in the otr, as has been already 
shown, by the agency of atmospheric electricity ; but it 
also takes place in the ioU during the oxidation of the other 
elements contained in the organic matters which are th^re 
undergoing decay. The combination of the elements of 
ammonia in such circumstances proceeds on the princifde 
that bodies, themselves undergoing oxidation, dispose other 
substances in contact with them (in this instance the nitro- 
gen of the air) to unite with oxygen also. The presence 
of lime, potash, <Sz;c. in the soil, further induces to this oxi- 
dation by the tendency of these substances to combine with 
the acid which is formed by this union of the elements of 
which nitric acid consists* 

It is impossible precisely to estimate the quantity of 
nitric acid produced in these various ways, through Uiese 
various agents, and in these varied circumstances, or to 
balance it cuxureOdy against the amount of ammonia con- 
tinually reproduced, as we have seen, in nature, wherever 
the necessary conditions present themselves. But, as I 
formerly ccmcluded, that the amount of nitric acid actually 
existing in the superficial deposits of our globe is greater 
than that of ammonia, so I think that, in regard to the re- 
production also of these two compounds, the balance is in 
favour of the former. 

Since, then, nitric acid is fitted, by the solubility of its 
compounds, to enter into the circulation of plants in any 
quantity — since, when applied to, them, it does undoubtedly 
promote, in a remarkable degree, the growth of plants— and 
since, in nature, it is continually reproduced in every coun- 
try, and under such varied circumstances-^I cannot with- 
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hold myself from the conclusion, that, over the general ve- 
getation of the globe, it holds with , ammonia at least an 
equal sway, and is appointed to exercise at least an equal 
influence over the growth of plants, both in their natural 
and in their cultivated state* 

Still the influence of each is not unvaried by locality or. 
by climate. The extent of dominion exercised by the ni- 
trates probably diminishes as we recede from the equator, 
while that jof ammonia increases,-^t may be in an equal 
proportion. The reason of this probaUe variation will 
appear in the following section* 

§ 6. Theory of the action of nitric acid and ammonia. 

These two compounds act so far in common as to yield 
a supply of nitrogen to the plants into which they enter. 
They do so, however, under conditions which may be con- 
siderably different, and may be attended by unUke chemical 
changes. 

I.— THEORY OF THE ACTION OF NITRIC ACID. 

1®. The nitric acid of the nitrates entering into the cir- 
culation of the roots will ascend to the leaf, and will there 
be decomposed in the same way as the carbonic and other 
similar acids are, by the action of the sun's rays. It is 
only in the light of day that carbonic acid is decomposed 
in the green parts of plants — so must it be, generally, with 
the nitric acid which ascends to the leaf. Its oxygen will 
be given off", while its nitrogen may be retained in the cir- 
culating system of the plant. The extent to which this 
decomposition will take place at each passage of the sap 
through the leaf will depend, in some degree, on the nature 
of the base (whether potash, soda, or lime) with which the 
acid is in combination, but much more on the intensity of 
the light to which the green parts of the plant are exposed, 
and on the temperature of the air in which the plant hap- 
pens to grow. 

2^. It is still uncertain whether this acid is capable of 
21» 
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being decomposed in the roots or stems of plants where it is 
excluded from the light, though it is very probable that it 
may be so, especialfy in cases where the juices naturally 
contain substances in which hydrogen is present in excess, 
or where such compounds make their way into the circulation 
of plants from the manure that may be applied to their roots. 
Thus in the pines, in which turpentine {C* ® H**) natu- 
rally abounds, such a decompositioh may the more readily 
occur, inasmuch as it would not necessarily imply the pro- 
duction and evolution of any gaseous substance. Thus 
1 of Oil of Tukpentinb, i= C* • H»^ witii the oxygen of 
1 of NiTKic Acid (N O* ,) == O* gives 

1 of Resin, * . = C*« H" 0« 

By uniting with the oxygen of the nitric acid, therefore, 
oil of turpentine, in such trees, might be changed into resin 
during its passage through the stem, while the nitrogen, 
being set free, might, at the moment <^ its liberation, unite 
with other elements to form those parts or productions of 
the tree, into which this element enters as a necessary con- 
stituent. 

The above must be considered merely as an illustration 
c^ the kind of chides which may possibly take place in the 
interior of certain plants, and in the absence of light, when 
the nitrates happen to be present. Were I to affirm that 
■uch changes actually do occur in the presence of nitric 
i€id, the theoretical chemist woukl have a right to expect 
that several collateral questions should be discussed, the con- 
sideration of which would here be out of place. 

8^* The nitrates may also act' in another way, nHiich 
does not involve the necessity of Uie total deccnnposition of 
the acid they contain. We know that in nature many sub- 
stances are ca^Ue of inducing chemical changes in other 
compound bodies, without themselves undergomg decom- 
position. Some beautiful iUustratidns <^ this have already 
been given in a previous lecture, when treating of the ac- 
ti^m of sulphuric acid upon starch and woody fibre** But 

♦ LeetoM VI., pp. 166| 167. 
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the fact which most immediately bears on the influence of 
the nitric acid in the living plant, is that mentioned in 
p. 186, — ^that by sdution in this acid in the cold, starch is 
converted into a substance having the composition of woody 
fibre. In the interior of the plant changes of this kind may 
be produced by simple contact only, with the nitric acid, so 
that, without being decomposed, it may be materially ser- 
viceable in promoting those molecular changes which are 
necessary to the healthy and rapid growth of the plant. 

n. — THBOBT OP THE ACTION OF AMMONIA. * 

!<>• Ammonia is capable of ccmtributing to the growth of 
the plant, by means of the hydrogen, as well as of the ni- 
trogen it contains. We have seen* that, according to the 
results of the best experiments, the whole of the oxygen of 
the carbonic acid ab^rbed, is not given off by the leaves of 
all plants even in the sunshine, — ^while in the dark tills 
gas is largely and directly imbibed from the air* If in the 
sap of a ^ant there be present at the same time a quantity 
of ammonia, the hydrogen of this ammonia may unite di- 
rectly with the oxygen of the carbonic acid, f<Mrming water 
and a proportionate quantity df one or other of the seve- 
ral compounds (p. 163), which may be represented by car- 
bon and water. Thus 

8 of Casbonic Acid, = C 0« and the hydrogen of 

2 of Ammonia (NH3)== H* 

___ \ of Grape 3 of 

Sugar. Water. 

give C3H«0<» = C«H30>+>HO 

so that where ammonia is present, and circumstances are 
favourable, sugar or starch may be formed in variable quan- 
tity, without the necessary evolution of oxygen gas. This 
cliange will take place in the interior of the leaf. And, if 
the (hrect decomposition of carbonic acid, and the evdution 
of its oxygen by the agency of the sun, take place at the 
same time-— with a rafMdity proportioned to the intensity of 
the light,--4his simultaneous production of sugar, ^ec., from 

« Noles to pages 201 and 205. 
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the presence of ammonia, must aid the increase and growth 
of the plant ; and may he one main cause of the fertilizing 
action of this compound, which has been so long and so 
generally reoognised. 

When the hydrogen of the ammonia is thus worked up, 
the quantity of oxygen which escapes from the leaf must be 
less in proportion ; and hence another cause (p. 205) for 
those discrepancies which have been observed in regard to 
the bulk of oxygen given off, compared with that of the car- 
bonic acid taken in, by the leaves of different plants. 

But at the same time the nitrogen is set free. This ni- 
trogen will either be again compounded in the plant with 
other elements, or, if not required for its healthy growth — 
that is, if more largely present than is requii:ed by the 
plant — ^it will be directiy emitted by the leaves, or sent 
downwards and permitted to escape by the root. Hence 
the reason why pure nitrogen id evolved from the leaves of 
some plants (p. 137), and why ammonia exercises a bene- 
ficial^action upon vegetation, in cases where all the nitrogen 
it contains is neither retained nor required by the plant. 

Does this decomposition necessarily require the agency 
of light ? May it not take place in the absence of the sun 7 

I will mention one or two facts which seem to throw 
light upon this point. 

1^. Plants grow in the dark. Though feeble and 
blanched they increase largely in bulk ; they must^ there- 
fore, have the power of assimilating their food to a certain 
extent, independent of the sun^s rays. 

2°. Several species of Poa, Plantago, Trifolium arvense, 
Oheiranthus, &b., become green in the perpetual darkness 
of mines (Humboldt.) 

3°. When a little hydrogen is mixed with the air, plantd 
become greenish, even in the dark (Sennebier) ; and when 
exposed to the sun, the green becomes unusually intense in 
such a mixture (Ingenhouss). 

The immediate and visible effect of an application of am- 
monia, or of soot, or of any top dressing containing ammo- 
nia, is to render the green colour much more intense, and in 
the darkest weather. It is therefore probable, I think, that 
the hydrogen of the ammonia contributes to this immediate 
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effect, and that the ammonia itself may be deeompofed and 
its element^ appropriated to the nourishment of the living 
vegetable, either by the unaided vital powers of the plant, 
or in the presence of a feeble light only. Like water, am- 
monia is peculiarly liable to decomposition, not always of 
that perfect kind which, for the sake of simpUckyi I have 
endeavoured to explain in the present lecture, yet such as 
to render the elements of which it consists available to the 
g^ieral nourishment of the plant. 

§ 7. Comparative influence of nitric acid and of ammonia 
in different climates. 

It follows, from what is above stated, that the beneficial 
influence of ammonia upon vegetation will be readily per- 
ceived in all climates in which plants are found to flourish. 
Its effects will be greater and more rapid where the heat 
and light are more intense/*— only because by these agents 
the functions of all life are stimulated. 

Not so with the nitric acid in the nitrates. In the pre- 
sence of organic compounds, that is, in the sap of the plant, 
ft is less easily decomposed than ammonia. It requires the 
interference of more powerful agents— of a higher tempera- 
ture, or of more brilUant light, — and thus its efficacy upon 
vegetation will be more dependent upon season and climate. 

Now, we have seen that in tropical countries the nitrates 
are produced in the greatest abundance, and there the high 
temperature and the brilliant sun should render them most 
useflil to vegetation. Such is well known to be the case, 
and it may be regarded as one of those bountiful adaptations 
with which all nature is full — that in these warmer regions, 
the ammonia produced in the soil is first converted into ni- 
tric acid, that it may remain fixed, and that this acid again 
ia decomposed by the same agents (light and heat), when it 
enters the living plant, and is required to minister to its 
growth. On the other hand, it may no less be regarded as 
a wise provision, that in colder and more uncertain cli- 
mates, where warm and brilliant summers are less to be 
depended upon, that compound of nitrogen (ammonia) 
should mcH-e abound, which is most easily decomposed in 
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the living plant, which is fitted in comparative darkness to 
yield up its nitrogen, and by the hydrogen it contains, to 
compensate in some slight degree for the partial absence of 
the sun's rays. 

From these views, therefore, we should draw this further 
practical conclusion— that in our climate, ammonia is sure 
to promote vegetation, and in every season, while the ni- 
trates will produce their maximum effect, other things being 
equal, in such only as have abundant warmth and sunshine. 
Is this conclusion consistent with observation? Will it 
serve to^ explain any of the apparent £uhirea which have 
occasionally been experienced in the employment of the 
nitrates ? 

§ 8. Slimulatmg influence of these compounds. 

Th^e remains one other point in regard to the effect of 
these two compounds upon vegetation, to which I would re- 
quest your attention. We have seen that the quantity of 
nitrogen contained in a crop raised by the aid of farm-yard 
manure, is very much greater than that which exists in the 
manure itdelf, and the views just exposed serve to indicate 
the sources from which the excess is derived. But suppose 
that tipon two patches of ground, of equal quality, the one 
of which is manured and the other not, equal quantities of 
the same seed be sown, it is consistent with experience- 
that the crop reaped from the manured portion will not 
only contain more nitrogen than that reaped from the un- 
manured portion, but so much more as shall considerably 
exceed that contained in the manure also* Thus suppose 
the crop raised from the unmanured land to contain 100 
lbs. of nitrogen, and that the manure laid on the other por* 
tion contained 100 lbs. also, the crop which is reaped from 
this latter portion, in favourable seasons, will exceed, and 
probably very far exceed, 200 lbs. Hence the effect of the 
ammonia, ^c, in the fiurm-yard manure, is not merely to 
yield its own nitrogen to the plant, but to enable if, in some 
way hitherto unexplained, to draw from other sources a 
larger portion of the sfune elemeiit tbim it would otber« 
wise do. 
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So also with the nitrates. If two equal portions of the 
same grass or corn-field, in early spring, be measured off, 
and one of them be top-dressed with nitrate of soda or with 
saltpetre, the weight of nitrogen contained in the crop of 
hay or corn reaped from the latter, will generally be found 
to exceed that contained in the crop from the former, by a 
quantity much greater than that which was present in the 
nitrate with which the land was dressed.* In addition, 
therefore, to the nitrogen directly conveyed to the plant by 
these nitrates, they also exercise some other influence, by 
which they enable the living vegetable to draw from natural 

* The following calculations illustrate the statement in the text : — 
Mr. Gray, of Dilston,* applied nitrate of soda to grass land in the pro- 
portion of 112 lbs. to the acre. 

The produce without nitrate amounted to 3 tons 81 stones 
" " with 112 lbs. of nitrate to 3 tons 146 stones 



Increase, 1 ton 65 stones 
or 3150 lbs. 
And 3150 -f 112 = 28} lbs. the increase of ha^r fh>m each pound of ni- 
trate of 8oda.t But allowing this hay to contain only one per cent, of 
nitrogen, 28 lbs. win contain 4^ ounces of nitrogen, which is nearly 
double the quantity actually present in the nitrate employed. 

Again, in the case of a crop of grain — Mr. Hyett a|>Dlied nitrate of 
soda to a field of wheat, and compared the produce with that from an 
equal portion to which no top-dressing was applied. 

CORN. STRAW. 

Bush. pkf. pta. Cwt. qrs. Iba. 

ISTitrated . . 43 2 11 31 2 3 

Without nitrate^ 33 2 6 23 1 21 



Excess, 10 5 8 10 

Calculating the bushel of com at 60 lbs., the excess of com amounted to 
600 lbs., containing 24^ per cent, or 147 lbs. of cluten and albumen. 
The nitrogen in these substances, when properly dried, is from 15 to 17 
per cent If we suppose the gluten not to Eaye been quite dry, and al- 
low only 14 per cent of nitrogen, 147 lbs. would contain 20} lbs. of 
this element. 
But the nitrated com contained 5 per cent more ^uten and albumen 

[* See Journal of Royal £nglu!^ Agricultural Society.] 
[t Dry nitrate of soda contains about 16} per cent of nitrogen, being 
19 lbs. to the cwt, or two and three-fifth ounces to the pound \ but as it 
is usually applied, it contains fit>m 5 to 10 per cent of water. The 
nitrogen, therefore, may be estimated at 2} ounces in the pound.] 
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90urees a much larger su[^Iy ttian they would otherwise he 
capaUe of doing. What is this influence, and how is it 
explained ? 

This I suppose to be that kind of influence to which wri- 
ters on agriculture are in the habit of alluding, when they 
speak of certain substances stimulating plants, or acting as 
stimukMts to th^ir growth, though the term itself conveys 
to the mind no distinct idea of the mode of operation in- 
tended to be indicated— of the way in which the efiect is 
produced. 

In the present case, this special action of ammonia and 
the nitrates, and perhaps also of immediate appUcations of 
manure in general, appears- to arise from their afibrding to 
the plant, in its early youth, a cojhous supply of nitrogenous 
fi>od, by which it is enabled at once to shoot out in a more 
healthy and vigorous manner. It thrusts forth roots in 
greater numbers, and to greater distances, and is thus 
enabled to extract nourishment from a greater extent and 
depth of soil than is ever reached by the sickly plant — it 
expands larger and more numerous leaves, and thus can 
extract from the air more of every thing it contains which 

than the xin-nitrated, which in 33 bushels (2000 lbs.) gives 100 lbs. of 
gluten in excess, containing 14 lbs. of nitrogen. 

And 8 cwt. of straw (900 lbs.) contained one-third of a per cent, of 
nitrogen*, or in all 3 lbs. 

Therefore the quantity of nitrogen present in the nitrated crop above 
that in the un-nitrated was as follows : 

Nitrogen. 
lo. In 600 lbs. of wheat at 24} per cent, of ffluten . 20} lbs. 
2°. In 2000 lbs. of wheat at 5 per cent, of ^uten con- 
tained in excess . . . . .14 lbs. 
3^. In 900 lbs. of straw at one-third per cent . . 3 lbs. 

_ Total nitrogen . = 37} lbs. 

abready stated, is 

h in consequence 

I IS enabled to ob- 

1 by the wheal in 

\e niirate of soda 
lo vegetation^ Uum 
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is fitted to supply the wants of the Uving vegetable ; as 
the stout and healthy savage can hunt and fish to support 
many lives, while the feelUe or sickly can scarceiy secure 
sustenance for himself alone. Feed a wild animal well the 
file first few mcHrths of its life, and you may set it loose to 
prey for itself; starve it in its infancy, and its growth and 
strength will be stunted, and it may lead a wretched and 
hungry life. 

Even in soils, then, and situations, which are capaUe of 
3rielding to the plant every thing it may require for its cm** 
dinary growth, it is an important object of the art of hus- 
bandry to discover what substances are especially necessary 
cr fateful to particular crops, and to apply these direcdy^ 
and in abundance, to the new-born plant, — ^in order that it 
may acquire sufficient strength to be aUe to avail itself in 
the greatest degree of the stores of food which lie withitt 
its r^ich. 

Concluding observations regarding the organic 
constituents of plants. 

We have now considered the most important of those 
questions ccNQuected with the organic elements of plants, 
which are directly interesting to the practical agriculturist. 
We have seen — 

1**. Tliat all vegetable productions consist of two part*— 
one, the organic part, which is capable of being burned 
away in the air — the other, the inorganic part, which re^ 
mains behind in the form of ash. 

2°. That this organic part consists of carbon, hydrogen, 
oxygen, and nitrogen only. ^ 

3^. That plants derive the greater part of their carbon 
from carbonic acid, of their hydrogen and oxygen from 
water, smd of their nitrogen from ammonia and nitric acid* 

4°. That by far the largest portion of those substances 
which form the principal mass of plants, such as starch and 
woody fibre, consists c£ carbon united to oxygen and hydro- 
gen in the proportions in which they exist in water, — or, in 
other words, may be reinresented by carbon and water im 
various proportions. 
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5^. That the food on which they Mve enters by the roots 
and leaves of plants, — ^that the leaves, under the influence 
of the sun, decompose ibe carbonic acid, give off its oxy- 
gen, and retain its caibon, — and that this ciurbon, uniting 
with the elements of water in the sap, forms those several 
compounds of which plants chiefly consist. 

6^. Tbatt the su{^ly of carbonic acid in the atmosphere 
is kept up partly by the respiration of animals, p^tly by the 
Hatuml decay of dead vegetable matter, and partly by com- 
bustion. That ammonia is supplied to plants chiefly by the 
natural decay of animal and vegetable substances — and 
nitric acid partly by the natural oxidation of dead organic 
matter, and partly by the direct union c^ oxygen and nitro- 
. gen, through the agency of the atmospheric electricity. 
7°. Tliat while both of these compounds yield nitrosen 
to plants, they each exhibit a special action on vegetdi)lo 
liffe, in virtue of the hydrogen and oxygen they respective^ 
contain — and exercise also a so-called sHmtdcOmg power, by 
which ^ants are induced or enabled to appropriate to them- 
3elves, from other natural sources, a larger portion of a& 
their constituent elements than they could otherwise obtain 
or assimilate. 

In illustrating tliese several points, !t has been necessary 
•to enter occasionally Into details whioh, to those who have 
heard or may read only the later lectures, may not be al- 
together intelligible. I am not aware, however, of having 
introduced any thing cf which the full sense will not ap- 
ff^ai on a reference to the statements by which it is pre- 
ceded. 

We are now to consider the inorganic constituents of 
plants, — ^their nature, — ^the source (the soil) firom winch 
' they are derived,-*their uses in the vegetaUe and ammal 
'. econ(nnyr--how the supply of these substances is keptup in 
nature,— -and how, in practical husbandry, the want of them 
may be at ooce eficaciously and ecandmoaUy supplied by 
art* This division of our subject, though requiring a pre- 
vious knowledge of the principles discussed in the foregoing 
lectures, will 1^ more essentially of a practical nature, and 
will lead us to consider and illustrate the great leading prin* 
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cifde by which the praotieal agricidtonst ought to be guided 
in the cultivation and improvement of his land* 

We shall here also find nwch Mgfat tiirown upon our path 
by the results of geological inquiry ; and it is m tiie consf* 
dorations I am now about to bring before you, tibat I shall 
have to direct your attention most especially to the priaei« 
pal applications of Geology to Agriculture. 
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SUqOESTIO.NS rOR KXPERIMEHTS IW PRACTlCAIi AGRICULTURE 
DURING THE ENSUING SPRING AND SUMMER. 

One of the most important objects which chemistry is at pre- 
sent desirous of attaining for the improvement of practical agricul- 
ture, it the discovery and application of specific or special manures. 

We know that certain substances, such as fold-yard manure, 
are capable of fertilizing to a considerable extent almost any land, 
and of causing it to yield a better return of almost any crop. But 
we know also^hat manures or fertilizers of nearly every kind are 
more efficacious on one soil than on another, and that some an- 
swer better also for one species of crop than for anothier. The 
case of gypsum will serve to illustrate both these positions. 

The effects of gypsum in the United Slates, in Prussia, and 
other parts of Germany, and in some districts of England, are said 
to be absolutely astonishing ; while in many other parts of our 
Island, of Germany, and even of the United States, the benefit 
derived from it has not repaid the trouble and expense incurred 
in applying it. Gypsum, therefore, is specially adapted for use 
in certain soils only. 

Again, the remarkable effects of gypsum have been observed 
most distinctly on clover* and certain kinds of grass. The same 
benefits have not followed, to any thing like an equal extent^ from 
its use on barley, oats, wheat, or other kind of grain. There- 
fore, while specially adapted to certain soils, it is also specially 
adapted to certain crops. It is a kind of specific manure for clover 
and some of the grasses. 

Now, neither of these subjects which it is so important to inves- 

♦ In regard to its use in Germany, Lampadius says, — " It may, with 
certainty, be stated, that by the use of gjrpsum the produce of clover and 
the consequent amount of live stock have been increased at leasi ons- 
third"-~uiE Lehre xon dkn Miner4lischen Dukomittei^n, p. 34. 
23 
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tigate, — ^neither that of the manures which are especially fitted 
for each scnl, nor of those which are specially fitted for each crop, 
—can be determined either from theory or from experiments de* 
Tised and executed in the laboratory of a chemist. The aid of the 
pactical farmer, of many practical farmers, must be called in. 
Numerous experiments, or trials, must be made in various locali- 
ties, and by diflferent individuals,-— all, however, according to the 
same rigorous and accurate me^iod,— 4n order that, from the com- 
parison of many results, something like a general principle may 
be deduced. 

It is partly with a view to detenmne the mode of action of cer- 
tain fertilizers, and partly in the hope of obtaining some addition- 
al light on the subject of manures specifically adapted toparticu' 
lor crops, that I venture to suggest to you the propriety ofmaking 
one or more of the following sets of experiments, during the spring 
ttod sunmier of the present year. I could have much enlar|;ea 
the list of suggestions, but I neidierwishto fatigue your attention, 
nor to place-l^fore you more work of the kind than can be read- 
ily accomplished, tntfi little expenu of time, labour, or money* 
Another season will, I hope, am)rd us an opportunity of interro- 
gating nature by further, and perhaps more refined, modes of ex- 
perimenting. 

I. Of Chrass and Clover. 

1®. It is beyond dispute, that on certain soils, gypsum causes a 
l^gely increased growth of grass and clover, but experiment alone 
tqppears capable of determining on what soils it is likely to be 
thus beneficial. Such experiments, therefore, oueht to be made 
on every farm, on a small scale at first, and at little cost,* but 
made with care and accuracy, and with a minute attention to 
weights and measures. 

2^. The action of gypsum appears to be entirely chemical, but 
the only explanation of this action yet attempted is far from being 
satisfactory. It is desirable, therefore, that experiments with other 
substances should be made, which are likely to throw light on 
the theory. Important practical results may at the same time be 
obtained — they are sure, indeed, to follow from a right under- 
standing of the theory. 

In the neighbourhood of Lyons, it has been found that very di- 
lute sulphuric acidf (oil of vitriol) exhibits the same beneficial 
effect upon clover, that has elsewhere attended the use of gypsum. 

* The price of gjrpsum in London is about 28. 6d. per cwt : in New- 
eistle, 3s. 

iQy]^smacoTksiBiB^sulpkurUacUsaidlime. ^ 
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It is desirable, therefore, that a comparative experiment should 
be made with this acid on a portion of the same field to which the 
gypsum is applied. Where the one fails the other may act. 

3^. It was observed by Dr. Home, of Edinburgh, so early as 
the year 1756, that sulphate of soda* had a remarkable effect in 
promoting the growth of plants — ^its action being nearly equal to 
that of saltpetre or nitrate of soda. This fact, though mentioned 
by Lord Dundonald, has been lost sight of by practical men, the 
sulphate of soda being generally represented as too high in price 
to be available as a fertilizer, f The use of saltpetre, however, 
and of nitrate of soda, both of which are more than double the 
price of sulphate of soda, show that the cost of this latter article 
ou^t not to stand in the way of an accurate trial of its value as a 
fertilizer on various crops. Dry sulphate of soda can be readily 
obtained firom any of the alkali works on the Tyne,t and being 
an article of domestic manufacmre, it is proper that its merits 
should be ascertained, and, if it can be made available, that its 
use should be encouraged. 

From the circumstance of its containing sulphuric acid, there- 
fore, I would reconomend that it should be tried on clover and 
grass, in comparison with gypsum and sulphuric acid, and ou a 
portion of the same field. It may succeed where the others fail. 

4^. Nijtrate of soda also, as a top-dressing on grass land, has 
been often used with great benefit. 1 have seen grass land in Dum- 
friesshire, which, after being long let for pasture at SOs. an acre, 
bad been sprinkled with an annual top-dressing of nitrate of soda 
at the rate of 20s. an acre, and had since readily let at <£4 an 
acre, yielding thus an annual profit of 308. an acre to the landlord. 

In other districts, again, it has been found to answer better for 
com. Thus, after a discussion on this subject in the Gloucester 
Farmers' Club, it was agreed, that nitrate of soda "was a very 
Taluable manure for white straw crops, but when applied to green 
crops the benefit was not sufficiently great to counter-balance the 
expense." In Northumberland, where it has been tried in a skilfiil 
manner by Mr. Gray, of Dilston, it was found to yield a most 
profitable return on bioth hay and barley. 

* CfUmbersaUs — consisting of sulphuric acid and soda. 

t Lord Dundonald says — " From e:3^eriments it has been proved to 
promote vegetation in a very high degree. The high price at present Of 
wis article precludes the use of it, but could it be made and sold at a 
cheap rate, it would prove a roost valuable acquisition to agriculuue.** 
Since the time of Lord Dundonald some trials. made in Germany have 
shown it to have a beneficial action on rye, potatoes, and fruit trees. 

t Messrs. Allan 6c Co., of the Heworth Alkali Works, deliver it in 
Newcastle and the neighbouring towns, at 9s. or 10s. per cwt 



Digitized by VjOOQIC 



These results show the necessity of further trials, not only for 
the purpose of illustrating the cause of the heneficial action of this 
•aline substance, but also with the view of arriving lat some gene- 
ral rule by which the practical man may be guided in determin- 
ing on what fields^ and for what 'crops on those fields, the nitrate 
of soda may be beneficially applied. 

Tins experiment, like the others above-mentioned, will be 
much more valuable, if made in such a way that the result can 
be compared with that obtained by the use of other chemical 
agents. I would, tlierefbre, propose that in the same field of grass 
or clover, a portion should be measured off, to be top-dressed with 
nitrate of soda, that thus not only the absolute, but also the com- 
parative, weight of the produce may at the same time be ascer- 
tained. 

5°. There are other trials also, from which this general subject 
is capable of receiving illustration. The fertilizing power of gyp- 
sum has been explained by its supposed action on the ammonia 
which is presumed to exist in the atmosphere. If this be the 
true explanation, a substance containing ammonia should act at 
least as energetically. At all events, the action of fold-yard manure 
and of putrid urine is supposed to depend chiefly on the ammonia 
they contain or ^ive off. Now, among the substances containing 
ammonia in large quantity, which in most towns are allowed to 
run to waste, the ammoniacal liqueur of the gas works is one which 
can easily be obtained, and can be applied in a liquid state at 
very little cost. It must be previously diluted with water till its 
taste and smell become scarcely perceptible. 

I would propose, therefore, as a further experiment, that along 
with one or more of the substances above-mentioned, the ammo- 
niacal liquor df the gas works should be also tried, on a measured * 
portion Qf ground, and, if possible, in the same field. 

6°. Soot, as a manure, is supposed to act partly, if not chiefly, 
in consequence of the ammonia it contains. In Gloucestershire it 
is applied to potatoes and to wheat, chiefly to the latter, and with 
great success. In the Wolds of Yorkshireit is also applied largely 
to tlie wheat crop, at the rate of about 24 bushels to the acre.* m 
this county it is frequently used on grass iand, to the amount of 
20 bushels an acre, and though I am not aware that it is ex- 
tensively employed upon clover, I am inclined, to anticipate that 
the sulphur it contains, f in addition to the aomionia, would ren- 

♦ The price is from Qd. to l5. a bushel. In this county the soot is said 
to be often of an inferior quaUty, and brings therefore a less price. 

t The gypsum, I might also say, for much of our soot contains gjrp* 
muxif the June being derived chiefly from the aides of the flue« 
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der it useful to this plant. At all events, comparatiye cxperi-^ 
ments in the same field with the gypsum and the ammoniacal 
liquor, are likely to lead to interesting results. 

7°. Common salt, highly recommended as a manure by some, 
has been as much depreciated by others, and hence, when di- 
rectly applied, is considered as a doubtful fertilizer by almost all. 
The obscurity in regard to its use, however, rests chiefly on the 
quantity which ought to be employed. The result of compara- 
tive experiments made in Germany, showed that a very few 
pounds per acre were sufficient to produce a largely increased 
return of gjrass — while in England it has been beneficially ap- 
plied within the wide limits of from five to twenty bushels per 
acre, and, when used for cleaning the land in autumn, of thirty 
bushels an acre. 

Among the comparative experiments upon grass and clover 
here suggested, tlie eflectof salt might also be tried with the pros- 
pect of practical benefit. It would give an additional interest to 
the experiments and supply an additional term of comparison. 

The entire series of experiments, therefore, which I would re- 
commend, would occupy eight patches on a clover or grass field, 
one of which would be left undressed for the pm^pose of compari- 
Bon. Thus, each plot being half an acre: 



Gypsum. 


Sulphate of 
Soda. 


^immoniacal 
Liquor. 




Sulphuric 
Acid. 


Nitrate of 
Soda. 


Common 
Salt. 


Soot. 



The ammoniacal liquor and the soot are placed as far as poa- 
' sible from the gypsum and sulphuric acid, that they may not in- 
terfere with each other's action. In a large field mey might be 
placed still farther apart, and other trials might be made in one 
or two of the vacant spaces. 

The appearance of each patch should be entered, tnth the 
daUf in an experiment book, at weekly intervals, and the final 
produce both of hay and of aftermath carefully noted, both as to 
weight and quality. 

Nor will me experiment be completed when the crop for the 
year is gathered in ; but, where it it possible, two fiirther pointa 
should be ascertained, — 

1^. The relative feeding or oouriflhing properties of the pro- 
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duce. To those who rear aod ft^ten cattle, thU ia a matter of 
great ipiportance, and it ia oae which they could easily determine, 
at least very approximately., 

2°. What ma heen the permanent effect of the several suh- 
stances on the soil, as indicated hy the comparative quantity and 
quality of the crop obtcuned (rom each half acre, on the sueeeed- 
ing or during the twQ fdlowmg years. The result of these 
further observations may materudly modify the conelusiiHi we 
should draw from the comparative weight and quality of the pro- 
duce of the first year. 

I shall only observe, in conchision, on this head, that the re- 
sult of a simultaneous trial of all these substances in tibe same 
field would not only throw much light on the specific aetioQ of 
each on the grass or clover in generid, but would be of perma- 
nent utility to that farm or hxaHty in which the expemnents 
were made. It would indicate the kind oif fertilizer widch was 
best adaj^ted to the farm or neighbourhood, in the existing coo^ 
dition of its general culture. It would form a local record, use- 
fiU not only to the tenant who made the experiment, (if well 
made) and bv whom the farm at the time was tenanted, but 
more useful by far, and more permanently so, to the owner of 
the land, whose interest in it is supposed to be not only greatei^ 
but much more lasting. 

In regard to the quantifies of die several substances above-men- 
tioned, which are to be applied to each ac]sa« they may probably 
be varied according to circumstances, but the following may be 
recommended in the comparative experiments : 

1^. Gypsum 2 to 3 cwt. per acre. 

99. Sulphate of Soda X cwt. pw acre. 

5^. Nitrate of Soda 1 cwt. per acre. 

4^. Soot 20 bushels per acre«-this in different districts may be 
varied accorcUng to the known quality of the soot. 

5^. Of Sulphuric Acid firom 30 to 40 lbs* per acre, applied at 
three or four several intervai»— and diluted with at least 200 
times its weight of water. Or so much water mav be added as to 
make it perfectly tasteless, or so weak as not sensibly to injure jhe 
texture of a plant left in it during the previous night.* 

6^. Of Axnmoniacal Ia(][Uor 100 to 200 gallons per acre, ac- 
cording to its strength, for this is constantly varying;. It must also 
be diluted with so large a quantity of water as will render it per* 
fectly tasteless, and is likely to prove most beneficial if loui on 
at several successive periods. 

^ llie quanti^ above-mentioned amounts to about two gallons of 
the add of the shops, and it should be diluted widi three or four hun- 
dNd gattonaoTwatv. 
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?^. Of common salt it will be «Aftr to apply not more than 
four to six bushels an acre ; though, where time and drcumstan*- 
oee permit, comparative trials imght also be made on the effica- 
cy of 8{dt when applied in diffbrent proportions, to the $ame land 
on which the other experimtoto are made. 

As to the time when these several dressings ought to be ap- 
ptted, some variation may be made aeocnding to the state t)f the 
young crop. They need not, in general, be used before the 10th 
of A^, and they should rarely be later than the middle of 
May. 

it wi^ be desirable that in ^ detail of every set of exper- 
iments, the kind and quality of the soil (and suMoil) should be 
stated—- with its drainage and exposnre-^-and the kind of graaa 
or clover which had been sown vtpcfn it. 

II. Of Wheat, Barley, and OaU. 

It is known that saltpetre and nitrate of soda produce highly 
beneficial efiects on all these varieties of f^rain. There remains 
much to be done, however, before the pnnciple of their opera- 
tion, or the chrcumstances on which their most useful application 
depends, can be clearly understood. Their relative efiects on 
the same kind of grain must be made the subject of more fire* 
quent, more precise, and more carefully conducted experiment»— 
and these effects must be compared with those of other ferti^" 
ing substances, in order that we may arrive ultimately at some 
comparative estimate of the practical value of each, in increas- 
ing die growth and produce of those crops which are the staples 
of animal food. 

A.— Cy Wheat. 

It is confidently stated by some, as a general rule, that saltpe- 
tre is more advantagecma than nitrate of soda, when applied 
to wheat. On the other hand, it is beyond question that the ap- 
lication of nitrate pf soda to wheat has been found productive of 
remarkable benefit. 

Is saltpetre spedaUy adapted for wheat of aU varieties, on 
aU soils, and under every variety of management, and is nitrate 
of soda, in like manner, specially fitted for barley and oats ? 

These are questions to which the experiments hitherto nuule 
do not enable us to give a reply. New data must be obtained 
before we can have the means of reasoning usefully iu regard 
to any of them. I would propose, therefore,— 

1°. That where two varieties of wheat are sown on the same 
field, or on different fields of precisely the same kind of land 
and in the same condition, that two half acres of each variety 
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Bhqulcl be measured off, and that one half acre of each should be 
dressed with saltpetre, and the other with nitrate of soda, at tho 
rate of 1 cwt. per acre. If three varieties could be so treated, the 
experiment would be the ipore valuable. 

It would thus be determined how far the effect of each of these 
nitrates was dependant upon the variety of wheat sown — and 
what was the relative action of each nitrate upon any of the va- 
rieties. 

2°. That, when the same varieties of wheat are sown upon two 
or more different soils — in different parts of a farm-^that one 
portion of the wheat on every different soil should b^ dressed 
with nitrate of soda, And another with nitrate of potash (saltpetre). 
By this experiment, it would be shown how far the effect of 
these substances is dependant on the nature of the soil, and how 
far the action of the one, compared with that of the other, is mo- 
dified by diversity of soil. 

In these different experiments, the management is presumed 
to be the same^ If the experiments be repeated by several per- 
sons in different parts of the country, the effects of difference of 
management will, in a great measure, be shown in the diversity 
of the results. 

3°. With the view of ascertaining the comparative effect of the 
sulphate of soda on this crop, I would suggest that in each case 
above specified, an equal area should be set aside to be dressed 
with this salt, in the proportion of 1 cwt. per acre. 

Of each variety of wheat, therefore, and on each variety of 
soil, four patches of equal area, say half an acre, should be measured 
off^— one of which should be undressed for the purpose of compari- 
son : thus— 



Nitrate of 
Soda. 


Saltpetre. 




Sulphate of 



As before, the nature of the soil and the kind of grain must be 
recorded — ^the appecu:ance of each patch noted week by week — 
with the time of ripening and reaping — ^and the respective quali- 
ties and weights of the grain and straw collected from each half 
acre. 

The quantity of gluten contained in the wheat should also be 
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determined, or a sample of the flour transmitted for the purpose 
to the writer of these suggestions, accompanied by a detail of 
the experiments they are intended to iUdstrate. 

B.— Cy* Barley qnd Oats. 

To barley aiid oaU the above remarks all apply, with this di^ 
ference, that to these crops saltpetre is said to be less beneficiid 
than th^ nitrate of soda. 1[n connection with these crope, how* 
ever, I would make the following additional observadoo. 

According to any theory of the action of the nitrates of potash 
and soda which readily presents itself, their effect on any crop 
which they are equally capable of benefittHig ought to be nearly 
equal, weight for weight. The nitrate of soda ought to have a de- 
cidedly more powerful action, were it not that the state of mobture 
in which it is generally sold, increases its weight so much as in a 
great measure to deprive it, in equal weights, <^this superiority. 

But while 1 cwt. of saltpetre (nitrate of potash) is recommendr 
«d as a sufficient dressing for an acre, li to li cwt. of nitrate of 
soda is recommended for an equal area. It would, therefore, be 
desirable where nitrate of soda is applied to any lar^ extent of 
land, either with oats or barley, to make a comparauve trial on 
three equal portions of the same field, with 1, li and li cwt. per 
aere, respectively. 

In addition, therefore, to the experiments suggested in regard 
to wheat, with the view of determining— • 

1^. The absolute and relative efficacy of saltpetre and nitrate 
of soda on different varieties of the grain ; 

2**. The same on different varieties of soil ; 

3°. And under diversities of management, — as in the i»revtoos 
treatment of the land, &c. ; 

There may be added, in regard to oats and barley, another se- 
ries of trial to determine— 

4°. The relative effects of different proportions of the nitrate 
of soda, which is at present supposed to' be speciall^r beneficial to 
these kinds of grain. If any one be desirous of uniting this latter 
series with the former, it may be done thus^ 



Sulphate of 
Soda. 


Nitrate of 

Soda, 

Icwt. per acre. 


Saltpetre. 


Nitrate of 

Soda, 

li cwt. 




Nitrate of 

Soda, 

li cwt. 
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The vacant half-acre being as before left for the purpose of 
comparison. Such an entire series might be made at the same 
time on a field of Tartary and of potatoe oats, and on two or 
more varieties of barley. 

These top-dressings may all be sown broad-cast— on the 
wheat most conveniently when the seeds are sown in April or 
May, and on the barley and oats when the fields have become 
(HstmcUy green. 

' I may be permitted to add, as inducements to practical men, 
to try one. or more of these experiments in. the accurate manner 
i^bove ilescribed : 

1^. That the result will be directly available and of immedi- 
ate practical value on his own farm,^to the person by whom they 
are carefully made. That they will be permanently useful to 
his landlord (if carefully recorded), ought to be an inducement to 
the latter to give every facility and encouragement to his tenant 
in making them. 

2°. Tluit, instead of involving expense imd outlay, which in 
many instance may ill be spared, Mey art $ure in almost eeery 
east to do more than repay ike cost of making them^ by the in- 
creased quantity or value of the produce obtained. Any of the 
series of experiments, on the scale suggested, may be made for 
five pounds, so that were the outlay dl to be lost, the accurate 
knowledge obtained in reference to the eeneral tillage of his land, 
would be worth more money to the holder of a farm of a hun- 
dred acres. 

3°. I need scarcely add, as a further inducement, the addi- 
tional interest which such experiments give to the practice of 
fiurming— and the means they a^rd -of calling forth the intelli- 
gence of the agricultural population. The moment a man be- 
gins to make experiments under the guidance of an understood 
principle, from that moment he begins to ^nk. To obtain ma- 
terials for thought he will have recourse to books— and thus every 
new experiment he makes, will further stimulate and awaken 
his intellect and lead him lo the acquisition of further knowledge. 
Does it require anything more than this general awakening of 
the minds of the agricultural class, to advance the science of ag- 
riculture as surely and as rapidly as any of the other sciences, the 
practical application of which have led to those extraordinary 
developements of natural resources, which are the characteristic 
and the pride of our time? ' 

III.— Cy Turnips. 

The raising of turnips is of such vast importance in the pre- 
vailing system of husbandry, that any improvement in the mode 
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of culture must be of extensive and immediate benefit. Experi- 
ments so numerous and so varied have been made with this view, 
that it may. almost seem superfluous in me now to make any 
further suggestions on the subject. • But when experiments have 
been made with a view to one subject only, it c^en happens in 
all departments of natural science, that as new views are ad- 
vanced or more precise methods pointed out, it becomes neces- 
sary to repeat all our former experiments,— either for the pur- 
pose of testing the results they gave us, or of observing new 
phenomena to which our attention had not previously been 
directed. ^ 

I. Numerous experiments, for Example, have been made upon 
the use of bones in the raising of turnips, but they have been 
chiefly directed to economicsd ends, and so fsLi with the most 
satisfactory results. But among fifty intelligent and thinking 
practical men, and who all agree in regard to the profit to be de- 
rived from the use of bones with the turnip crop, how many will 
agree in regard to the mode in which they act — how few will be 
able to give a satisfactory reason for the opinion they entertain ! 
The same is true of theoretical chemists, some attributing their 
effect more especially to the earthy matter, others to the gelatine 
they contain. Dry bones contain about two-thirds of their weight 
of earthy matter, the other third consisting chiefly of animal 
matter resembling glue. Of the earthy matter five-sixths con- 
ttst of phosphate of lime and magnesia, and the rest chiefly of 
carbonate of lime. Thus a ton of bone dust will contain— 

Animal matter 746 lbs. 

Phosphate of 4ime, &c. 1245 lbs. 

Carbonate of lime/6cc. . . . ... . 249 lbs. 



2240 lbs. 

On which of these constituents does the efficacy of bones chiefly 
depend? Does it depend upon the animal matter? This opi- 
nion is in accordance with the following facts :— 

1°. That in the Doncaster report it is said to be most eflectual 
on calcareous soils,-^for in the presence of lime all organic matter 
more rapidly decomposes. 

2^. That horn shavings are a more powerful manure than 
bones, — since horn contains only one dr two per cent, of earthy 
matter.* 

3°. That before the introduction of crushed bones, the ashes of 

* This, I believe, is rather a matter of opinion than the result of a 
sufficient number of actual trieds. Some tnals made by Mr. Hawden 
(British Husbandly, I. p. 395) gave results very unfavourable to horn 
shavings. 
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JNuned bones had been long employed to a small, extent in agri- 
culture, but have since fallen almost entirely into disuse. 

4°. That old sheep skins cut up and laid in the drills, have 
been found to yield as good a crop of turnips and afler-crop 
of com, as the remainder of the field which was manured with 
bon^s. 

5°. That **40 lbs. of bone dust are sufficient to supply three 
crops of wheat, cloVer, potatoes, turnips, 6c(i.^ with phosphates,''* 
while one to two-thirds of a ton of. bones, containing fioin 400 to 
800 lbs. of phosphates, is the quantity usually' applied to the 
land. 

On the other hand, the quantity of animal matter present in a 
ton of bones (746 lbs.) is so small, and its decomposition so rapid 
during the growth of the turnips — ^while at the same time the 
effects of the bones are so lastine and so'beneficial to the after- 
ciop of com — ^that many persons hesitate in considering the great 
excess of phospliates applied to the land, as really without any 
share of influence in the production of the crops. 

Thus Sprengely an authority of the very highest character, both 
in theoretical and practical agriculture, is persuaded that the 
phosphates are the sole fertilizing ingredients in bones, and he ex- 

Slains the want of success from Uie use of crushed bones in 
lechlenburg and North Germany, on the supposition that the 
soils in those countries already contains a sufficient supply of 
phosphates, while in England generally they are deficient in these 
compounds. 

Further, if the animal matter be the fertilizing agent in bones, 
why are not they of equal efficacy on grass land as upon turnips I 

With the view, therefore, of leading to some rational explana- 
tion of the relative effects of the several constituents of bones, it 
would be desirable to institute comparative experiments of the 
iCbUowing kind— - 

1^. With half a ton of bones per acre. 

2°. With three or four cwt. of horn shavings or ghit per acre. 

3°. With two cwt. of burned bones per acre. 

4°. With six or seven cwt. of burned bones per acre. 

The quantity of burned bones in No. 4 is Uiat which is yielded 
by a ton of fresh bones ; that in No. 3 is upwards of five times 
what should be taken up by the crops— as great part of what is 
added must be supposed to remain in the soil, while somt must he 
dissolved and carried off by the rains. 

The result of such experiments as these, if made accurately on 

* JJebig^ p. 84. The acre b^re spoken of is the Hessian, about 
three-fiflhs of the £n|lish acre. The English, there^Mre, will requiie 
66 lb9« 
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diflfer^nt soils, will lead us sooner to the trath than "vdiQle volumes 
of theoretical discussion. 

II. Nitrate of soda has also heen applied with great henefit in 
the culture of turnips. Some experiments, exceedingly favourahle 
in an economical point of view, have been made by Mr. Barclay, 
of Eastwick Park, Surrey,* who. found that one cwt. per acre, 
drilled in with thfe seed, gave as great a return of Swedes as 15 
bushels of bones with 15 ci wood ashes per acre, and when the 
nitrate of soda was sown broadcast, from 20 to 25 per cent. more. 
In every part of the country, therefore, this substance ought to be ' 
tried. And as this nitrate is very soluble in water, and may 
therefore be readily carried off by the rjun, and as that only whici 
is within reach of the plant is oi any avail, I would suggest that 
not more than one-fourth of the whc^e should be drilled in with the 
seed, for the purpose of bringing away the plant; and that after 
tbe thinning by the hoe, the rest should be strewed along the rows 
by the hand or by the drill. In this way the whole energy of the 
salt being expended where it is required, the greatest possible ef- 
fect will be produced. 

III. I have already stated the reasons which lead me to anti>- 
cipate highly beneficial eflfects ta vegetation from the use of sul- 
phate of soda ; I would suggest, therefore, a trial of this salt on 
tiie turnips also, at the same rate of one cwt. per acre, and ap- 
plied in the way above recommended for the nitrate of soda. Of 
course the intelligent farmer will vary the propcMtions and mode 
of application of these substances, as his leisure or convenience 
permit, or as his better judgment may suggest to him. 

The entire series of experiments on turnips, above suggested, 
may be represented as follows, adding two plots for different pro- 
portions of the nitrate and sulphate of soda :— 



Burned Bones, 
2 cwt. per acre. 


Nitrate of Soda, 
Ijcwt. per acre. 


Bone Dust, or 

Crushed Bones, 

1 ton^per acre. 


Burned Bones, 

6 or 7 cwt per 

acre. 


Sulphate of 

Soda, 

1 cwt. per acre. 


Horn Shavings, 
or Glue, 7 or 8 
cwt. per acre. 


Unmanuied. 


Sulpha of 
. Soda, 
licwt^ per acre. 


Nitrate of ^ 

Soda, 

1 cwt. per acre. 



♦ Journal of the English Agricultural Society, I. p. 428. 
8* 
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Some of tbese experiments moet of]roii may easily ti^. Those 
with the burned bones and horn shavings, which in this part of 
the country are less easy to be obtained, it is not to be expected 
that many of you will think of undertaking. I hope, however, 
that they wili not be lost sight of by those who possess facilities 
for obtaining them in sufficient quantity to make a satisfactory 
experiment. 

In many part^of the United States, gypsum is the universal 
fertilizer for every crop, and among the rest it is said to benefit 
turnips. The same opinion is entertained in Oermany. I am 
not aware how far, in what way, or with what results* it has been 
applied to the turnip crop in this country. A simple mode of 
testing its efficacy, however, would be to strew it over the plants 
when in the rough leaf, on ps^rt of a field, the whole of which had 
been already manured in the ordinary way with fold-yard ma- 
nure. The difference of produce would thus show, its e^cacy, in 
(he given circumstances; apd the experiment could be made ef- 
fectually at the cost of a single cwt. of gypsum. 

I have not included rape attst among the trials above suggested, 
though it is undoubtedly, under certain modes of management, a 
beneficial manure both to com and turnip crops. There is also a 
diversity of opinion as to the cause of its fertilizing action, as well 
as a manifest difference in the effect of different samples of 
the dust on the same soil. Though, therefore, certain experiments 
which 1 may on a future occasion suggest, would undoubtedly 
throw light on the cause of the good qualities of this manure, yet 
as its action (taking different samples) is not constant on the same 
soil, results obtained with it cannot possess the same importance, 
either theoretical or practical, as those which are observed to fol- 
low from the use of bones and of saline substances, the composi- 
tion of which is nearly invariable. 

Many farmers, however, are in the habit of constantly using 
rape dust. If any of these could conveniently make experiments 
on the effect of different samples of the cake, from different kinds 
of seed, and from different oil mills, and would accurately note 
the results, they would perform an important service in preparing 
the way for that clear explanation of the cause of its fertilizing 
action, which is at present wanted,* and which experiment alone 
can discover to us. 

♦ Its good effects are generally attributed to the oil which is left in the 
seed, and its varyinc action to tke different (quantities of oil left in it by 
different crushers— I doubt, however, if the oil ou^ht to be considered as 
inore than a secondary cause of its beneficial action. 
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IV.— Cy Potatoes. 

1®. Nitrate of soda has been applied with great benefit to po- 
tatoes also. After the potatoes have been harrowed down and 
(hand) hoed, and the plants are four to six inches above the 
ground, it is applied by the hand round the stem of the plants, and 
3ie earth then set up by the plough. Mr. Tumbull, in Dumbar- 
tonshire, last year used it in this way at the rate of 1 J Ur 2 cwt. 
per Scotch acre, (li English acres,) and the produce exceeded 
that of the land to which no nitrate was applied, by 20 Scotch 
bolls to the Scotch acre. 

2°. Applied in the same way there is every reason to believe 
that the sulphate of soda would have a highly beneficial effect 
also. I repeat my recommendation that this substance should be 
fairly tried with every crop, because it is a product of our own 
manufactories, which can be supplied in unlimited quantity, and 
without the chance of any material increase of cost; while the 
nitrate of soda is already m the hands of speculators, and within 
a short period has risen in the market to the extent of nearly one- 
third of its formerprice. 

In plastering their potatoes, the Americans generally put in a 
spoonful of gypsum with every cutting — a similar method, if pre- 
ferred, might be adopted with the nitrate and sulphate of soda, 
though the chance of loss by percolation throu^ the soil, would, 
by this method, be in some degree increased. In Flanders, wood 
ashes and rape dust are frequently thrown in by the hand, when 
each cutting is introduced. 

3^. 1 shall have occasion hereafter to recommend to the atten- 
tion of the practical farmer, many waste materials of various kinds, 
thrown out from our, manufactories, the application of which to 
useful purposes would be a great national benefit. In reference to 
the culture of potatoes, I will here bring under your notice the 
chloride of calcium, which is said to have been beneficially ap- 
plied to various crops, but to potatoes especially, with surprising 
effect. Under the influence of this substance the sunflower and 
maize have grown to the height of 14 to 18 feet, and potatoes 
have attained the weight of 2 to 3 pounds.* In Germany, Spren- 
gel also found it useful to potatoes.— (C%€mi€/wr Lanamrtne, L 
f. 635.) 

♦ The Rohany a French variety of potatoe lately introduced into the 
United States — ^by the ordinary mode of culture— yields tubers, very 
many of which weigh 3 lbs. and many attain to the weight of 5 lbs. 
When perfectly ripe, it is said to be an excellent table potatoe, and to be 
best in the spnng. — Slbanijf Cultivator^ far Marchf 1841. 
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Thousands of tons of chloride of calcium may every year 
be prepared from the waste materials which flow into the 
river Tyne, from the alkali works upon its banks. Thousands 
of gallons of the solution of this substance yearly run off (rom 
the works of Messrs. Allan and Co. at Heworth, and might be 
procured for little more than the expense of collecting. It is also 
contained largely, though mixed with other substances, in the 
mother liquor of the salt pans ; and from the numerous salt works 
on the coast might readily be obtained for trial. When prepared 
in the diy state, this substance rapidly deliquesces and runs into 
a liquid. The most convenient way of applying it, therefore, 
would be in the state of solution — so largely diluted as to have on- 
ly a slight taste — and by means of a watering cart so contrived 
as to allow it to flow on the tops of the ridges and young plants^ 
by which unnecessary waste would be prevented. 

"Without knowing the strength of the solution likely to be ob- 
tained from the works, it ia impossible to give any idea of the 
quantity of the chloride of calcium which ought to be employed ; 
but 500 gallons per acre may safely be used, if the solution be 
so far diluted as to have only a decided taste of the substance. 

The experiments here suggested, therefore, require four patch- 
es, as follows :— v. 



' Nitrate of 

Soda, 

1 to li cwt. 

per acre. 


Sulphate of 

Soda, 

1 to IJ cwt. 

per acre. 


Chloride of 
Calcium, 

500 gallons 
per acr<e. 


Manure 
only. 



These experiments are supposed to be made in ground alrea- 
dy prepared for the potatoe crop, by the usual quantity of ma- 
nure. 1 think it not unlikely, however, that by planting the 
potatoe in the midst of nitrate or sulphate (sprinkled over with 
dry soil) at the rate of half a cwt. per acre, and afterwards ap- 
plying one cwt. per acre, when the plants are hoed, a crop 
nught be obtained without the use of manure. Of course, such 
an experiment as this, though important to be made, should be 
tried cautiously, and on such a scale as to secure the experimenter 
from any serious loss. 
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In the above suggestions I have introduced nothing in regard 
to mixed manures— though where plants require for the supply 
ofall their wants nine or ten different ingredients, of which the 
soil they grow in can perhaps yield in sufficient quantity only 
three or four, it is obvious that the very best consequences may 
follow from the employment of mixed manures. To this class 
belong common night-soil, urme, animalised carbon, ^poudretU 
(night-soil mixed with lime and gypsum), the poudre vegetatif (a 
mixture of soot and saltpetre), the urate (now manufactured in 
London), and many others. 

The mode of preparing, and the special uses of these and other 
mixed manures, will be explained in the third part of these lec- 
tures, which will be devoted to the consideration of the nature 
and uses, and to the theory of the action of natural and artificial 
fertilizers. In the mean time it is desirable, in the first place, to 
obtain results from which the special action of each, when used 
a^e, can be fairly deduced. 

That these experiments may have their full value, it is indis- 
pensable that a measured portion of #ach field should be left with- 
out manure or dressing of aoy kind, in order that a true idea 
may be forncted of the exact effect of each substance employed. 
Experiments are valuable to the practical naan if they merely 
-show the superiority of one species oC manure over another, but 
they are insufficient to show how much each of thena tends to in- 
crease the produce— or to enable us to arrive at a aatisiactory ex- 
planation c^ the mode in which they severally act in promoting 
vegetation* ^ 

Among other important experiments lately published, to which 
the above observation is applicable, may be menticmed those c^ 
Mr. T. Waite, of Doncaster. The effects o£ nitrate of soda on 
his land were very striking, showing a remarkable increase of 
produce over bone dust, rape <}u8t, or rotten ic^d-yard manure- 
but he does not seem to have determined the produce c^the same 
land during the same season and withetU manure. We have, 
therefore, no term of comparison, by means of which we can as- 
certain the absolute or even the exact comparative effect of the 
different substances employed. 

It has been well observed by Sir Humphry Davy, "that noth- 
ing is more wanting in agriculture than experiments in which cdl 
the circumstances are minutely and scientifically detailed, and that 
this art will advance in propcnrtion as it becomes exact in its 
methods.*'* The above suggestions are submitted to practical 

♦ Agricultural Chemistry, Lecture I, 
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men in the hope that they may assist in introducing such exact 
methods into our agricultural operations, and at the same tflbe 
promote the theoretical advancement of the most important art 
oflife. 

Exact methods lead to theoretical discoveries, while these are 
no less certainly followed by important practical improvements. 



No. II. 
(See Lecture IL,p. 44.) 



In illustration of the eflfect of sudden alternations of temperature 
on vegetable substances, explained in a note subjoined to page 
44, I quote with pleasure the following instructive letter from an 
ably conducted Monthly Journal published at Albany, in the 
State of New York, under the title of the Cultivator. It is ex- 
tracted from the Number for March last : — 

** In regard to Irish potatoes, a stiH thitmer covering of earth 
than the one just mentioned suffices with us to preserve mem from 
rotting. Indeed, it would seem as if they could freeze and thaw 
several times, during winter, without being destroyed, provided 
they are covered with earth all the time ; for we often find them 
near the surface and perfectly sound, in the spring, when spading 
up the ground in Which the crop had grown during the previous 
season. There they must have undergone freezing and thawing 
whenever the earth was in either state, as it often is to a much 
greater depth than the potatoe root* ever extend. Why should 
those roots always be destroyed when they freeze above ground^ 
and not suffer equally when frozen under ground? 

** The reason why potatoes, apples, &:c., become soft, and rot 
when frozen and then thawed suddenly, uncovered and in open 
air, is the sudden thawing. You may put a heap of apples on 
the floor of a room,. or other dry place, where they will freeze 
perfectly hard, and if Covered close with any thing that will ex- 
clude the air, when the weather becomes warm enough to thaw, 
the apples will remain sound and uninjured, after they are thus 
closely thawed. The cover may be of the coarse tow of flax, or 
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any article that will cover them close and exclude the air. So 
apples may be packed in a tight barrel, if full and headed up so 
as to exclude the air. They may be suffered to remain so in a 
garret, or any dry place where it freezes hard, and they will be 
found -sound and free from injury, if the barrel remains tight till 
they are thmoughly thawed. It is the sudden thawing that causes 
the apples or other vegetables to become soft and rot. 

"So if the fingers on your hand be frozen, and you expose 
them to sudden heat by warming them at the fire, and they sud- 
denly thaw, the flesh will mortify and slough off. But, if you 
freeze your fingers or other limbs, and put them in snow, and 
rub gently till they thaw,— or if put into a pail of water just drawn 
from the well, which will be less cold than your frozen fingers, 
— ^they will thaw slowly, and suffer but little injury. 

** So during the early autumnal frosts in September, if the 
morning after the frost is cloudy, the frost will be slowly drawn 
from the frozen vegetables, and they Will be uninjured ; but if 
they receive the rays of the early and clear sun, they thaw so sud- 
denly, that they will hang their heads and perish. If wet with 
water from the well, long enough to extract the frost before the 
sun shines on them, they do not suffer. 

" Onions are a difficult root to keep in winter. If they are put 
in a cellar warm enough to save them from frost, they will vege- 
tate and be deteriorated. I put them in the warehouse, where 
they freeze as hard as if out of doors. If in a heap, I cover them 
close with some old clothes, or any thing that covers close, to ex- 
clude the air. The same if in bo:^es or casks. They freeze hard, 
but it does not appear to injure them for present use, if thawed by 
putting them into a pail of fresh-drawn water, to draw out the 
frost just before cooking them. Onions thus kept, will be in good 
condition in the spring, after thawing under cover from the air. 

" I put parsneps, carrots, beets, &c., in boxes or casks, and 
then cover them with potatoes, which preserves them from 
drying." 

In further illustration of this subject I need only recal to the re- 
collection of the gardener the well known fact, that, when the 
winter frosts begin to set in, and his finest flowers to be pipped, 
those continue to blow the longest, on which the sun's rays fall 
latest in the day. Dahlias protected in this way will bloom oc- 
casionally for weeks, after those which regard the eastern sky are 
completely withered. 

Professor Lindley has published a series of valuable observa- 
dons on the effects of extreme cold upon plants. The general re^ 
suits of tliese observations are stated in his " Theory ofHorticul- 
iwre," p. 88. But the conclusions at which he has arrived are 
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deduced from the appearance presented by the plant after tt was 
thawtd* He found the tissue more or less lacerated, the contents 
of the air and sap vessels intermingled, and the colouring matter 
and other secretions decomposed. He attributes the laceration 
lo the freezing and consequent expansion of the juices, but this 
cannot be the necessary consequence of that freezing, since it 
does not appear, if the whole tuber or leaf be slowly thawed. I 
would explain the phenomena as follows :— 

1°. When the leaf, fruit, or tuber freezes, the. fluid portions 
slightly expand in becoming solid, but the air in the air vessels 
contracts in at least an equal degree, and thus allows a lateral 
expansion of the sap vessels sufRcient to prevent lesion. ^VIlen 
tbe temperature is slightly raised, the air expands but slightly, 
and ice is melted long before the gaseous substances reach their 
original bulk* 

29, But if the rays of the sun strike suddenly upon the leaf or 
fruit, the surface may al once be raised in temperature 30° or 40** 
F. The air will consequently expand suddenly, and before the 
sap is thawed may have distended and torn the vessels, and 
caused sap and air to be mutually intermingled. 

3°. But the moment the sun*s rays strike upon the green leaf, 
its chemical functions commence. It begins to absorb and de- 
compose carbonic acid : and as in the frozen part of the leaf the 
circulation is not, and in consequence of the lesion cannot be, 
established, the chemical action of the sun's rays must be expend- 
ed upon the stagnant sap ; and hence those changes not ot^y in 
the sap itself, but even in the solid parts, which are seen to take 
place in the withered leaf. 

4°. Though not in a state of growth, the tuber of the potatoe 
contains the living principle, and there must be such a circulation 
going on in its interior as to maintain an approximate equilibrium 
of temperature throughout its substance. A sudden thawing of 
the exterior, will, as in the leaf, expand the air before the circu- 
lation can be established throughout the frozen mass. The solid, 
fluid and aeriform substances which nature has separated and set 
apart from each other, will thus all be intermingled, and from 
their mutual action, those chemical changes of which we know 
the starch of the potatoe to be susceptible, will speedily ensue ;— 
in other words, the potatoe will rot. 

The practical applications of these views are numerous. If a 
sudden frost come on, — protect your delicate flowers in the early 
morning from the rays of the approaching sun, and cover with 
straw or earth the potatoes which have been left overnight in die 
field. 
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mCSUIiTS OF EXPEEIltEN^ ON PRACTICAL ACtSICnLTURX DURING 
THS SPRING AND SUMIfER OF 1841. 

See Appendix^ No. J., and Lectures VIIL and IX. 

In a previous article idserted in this Appendix, and which was 
published «arly in the present spring (April, 1841,) I ventured to 
<^er to the practical agriculturist some suggestions in regard to 
the experimental use of certain unmixed manures. From the re- 
sults of these experiments, which I was quite sure some of the 
many zealous agriculturists of the day would be induced to under- 
take after the manner, and with the precautions, I had pointed 
out, I anticipated a two-fold advantage. In the first place, that 
important practical benefits to the agriculture of certain districts 
would be (ierived frorai them, and secondly, that interesting .and 
important light would be thrown by them on many parts of agri- 
cultural theory. It is by experiment that all the remarkable re- 
sults — theoretical as well as practical— of modem chemistry have 
been arrived at ; but by experiments cautiously made, frequently 
repeated, and logically reasoned from* The proceedings of the 
practical farmer are a continued course of experimental trials^ 
and to convert him into an experimental j^hilosopher, and to lead 
hira to philosophical results, it is necessary only that his experi- 
ments should be made with a constant reference to weight and 
measure^ and should be repeated under varied and carefully noted 
conditions — and that he should be taught to draw from them no 
conclusions more general than they really justify. 

The fijllowing results of experiments made during the past 
summer confirm all my anticipations. Though necessarily some- 
what limited, and local in their nature, they, nevertheless, pre- 
sent ou the whole a beautiful Illustration of what we have yet to • 
expect from a continuation of such experimental researches, con- 
ducted in so skilful a manner. I need not especially commend 
the experiments of Mr. Fleming ; for I can scarcely, I think, ren- 
der a better service to practical agriculture than by placing all of 
25 
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them in die bands of practical men« and earneelly eommendtng 
them to their careful consideration and imitalion. 

I. Experiments made near Aske Hall, on the property of the 
Earl of Zetland. 



Weight of gtBM when mown, 3 tons 16 cwt 
Weight when made into hay, 1 " 15 " 



H4LF. AN ACRE. 

SaU—ptU on 2^ May— 3 bvihels cost 6s. Bd 
Weight of grsss when mown, 3 tons 19 cwt. 
Weight «rhen made into hay, 1 " 16 *' 



Weight of grass when mown, 3 tons 12 cwt 
Wei^t when made into hay, 1 " 6 " 



BALP AN ACAC. 



HALF kH ACRE. 

No Manure. 



BALP AN ACRE. 



NUrak of SodOf-'-put on 2ith May, 
4 stones cost lis. 

Weigh(of grass when mown, 4 tons 10 cwt. 
Weight when made into hay, 1 " 12 " 



BALP AN ACRE. 



Sulpiale of Soda (in crystais)-—put on 24/4 
May — 4 stones cost lOs. 

Weight of grass when mown, 3 tons 3 cwt. 
Weight when made into hay, 1 " 9 " 



HALP AN ACRE. 



Sidphuric Acidr^^ put on 26th MaVt i put on 
Ilk Junsy i put on lltkJune — 15^5. cost 5s. 

Weight of grass when mown, 3 tons 4 cwt 
Weight when made into hay, 1 " 6 " 
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N.B. I'he cost of the manure does not include 
ft on. 



the expense of laying 



Mr. Tomer, his lordship's agent, thus writes :— 

•• The plan I followed in putting on the difierent manures, and 
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1^ 4ir»ctx>iit giv«n in your published lecturet. 

** Tlie field ^m which the expeiimento were tried Is mtuate ia a 
M^« bleak cUaiata, and coimu of a thin light soil, upon a bad 
aiib«Hl of banen clay resting upon limestone. It had been com- 
l^letely exhailMted by a successioQ of white crops, and was full of 
weeds and quickens. I had it well ploughed, and took a crop of 
drilled tamipe lairly, but not extravagantly, manured. The crop 
was a poor one. X pk)ughed the land as soon as the turnips could 
be ^odT. Drained it; and in the spring worked* it very fine* 
The following Aagust I sowed it away with grass seeds without 
« crop. The seeds came up beautifully, and were the admiratioQ 
^f all who saw them, keeping a deep green through the winter, 
-and beginning to grow early in the spring; and it was on this crop 
that the experiment was tried early in the succeeding summer. 

*'I need scarcely remark, that the crop of grass for such land 
was enormous, and has fully repaid the monev expended upon 
it, with the exception of draining, and in two or three years I have 
no doubt but it will repay this idso.*' 

EjcMAaKS.— On comparing the effect c^ these several top- 

. dressings as indicated by the results above stated, the reader 
will be struck with the extraordinary increase caused by the ad- 
dition of common salt. 1 have in the text (Lecture IX., p. 279) 
indicated a principle which may serve to explain in some mea^ 
4W€ both the localities in which the use of common salt may be 
axpected to be beneficial, and the reason why in many parts of 
our island the employment of this substance has not been at- 
tended by any large measure of success. The position of the 

^ land experimented upon by Mr. Turner, is such as to lead us to 
«xpect it to be improved by common salt, according to the viewa 
-there stated* 

The nitrate of soda produced less effect than either the com- 
mon salt or the soot, but it gave an increase which was double 
of that yielded by thd sulphate oi soda. The latter salt, how- 
ever, was applied in the state of crystals, which contain 55 per 
cent, c^ water, so that less than one-half of that weight of dry 
jsalt was used, which was recommended in the suggestions I 
ofiered for the employment of this substance in practical agriculr 
ture. At the same time, the price paid by Mr. Turner fbr this 
•alt was four times as great as it ought to have been. Any quan- 
fity of the dry sulphate of soda may be procured at 10s. a cwl.* 

* By addressing a note to Messrs. Allan 6c Co., Heworth Alkali 
Works, Newcastle, ^yho forward it ii^ casks to all parts of the country. 
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The most TahiaMe piractieal ioggestioa to %e derived fiom 
these experiments is certainly this— ^hat a fiberal use of eoniiiiett 
aalt is likely to increase in a great degree the prdduce Of grass in 
the locality where they were made, and on the same kind of soB. 
This valuable discovery wRI fkr more than repay the expense 
and trouble of the entire series of experiments. No applieatiaa 
can be so cheap as this, $o long 0$ U iuceeedf. At the same 
time a mixture of the other substances—the nitrate and the sul* 
phate, which were partially successfal-Hoiight possibly prove 
Still more efficacious on the grass> and might be expected even 
to ameliorate the condition of the land ixx the further production 
of white crops. In a future part of this Appendix I intend to 
offer some suggestions in regard to the kind and quandhi of the 
ingre\]ieDts which may, with probable advantage, enter mto the 
constitution of these mixed manures, 

I have calculated and introduced into Mr. Turner's table an 
additional column, exhibiting the weight of hay yielded by 100 
lbs. of grass, with the view of showing the relative succulence of 
the several crops wheQ cut. As a general rule, the weight of 
dry hay does not exceed one-fourth of the weight of the grass 
when cut. In the experiments of Mr. Turner, however, the 
weight of hay in every case was much beyond this quantity-* 
the most succulent crop, th&t to which no dressing was appliedy 
yielding 36 per cent, of hay. This general result may have 
been partly due to the state of ripeness in which all the grasses 
were cut, while the greater produce of hay from the dressed p(n> 
tions may indicate the relative ripeness, and therefore dryness^ 
of each when cut down. 

It is evident, therefore, that the relative values of crops of 
grass or clover are not to be judged of by the several weights 
when green, but by the weights of the dry hay. This is further 
confirmed by the results of an experiment with nitrate of soda* 
communicated to me by Mr. Carruthers, of Warmonbie, near 
Annan, in which the relative weights of hay obtained were mu^ 
more in favour of the use of the nitrate than the several weights 
of grass yielded by the dressed and undressed > portions of the 
field. On the contrary, from a field on OHver Farm, near Rich- 
mond, Mr. Sivers informs me, that the weight of hay was much 
less in favour* of the use o£ the nitrate of soda than the relative 
weights of grass. In all cases, therefore, the weight of the dry 

♦ In Mr. Sivers' experiments, 100 square yards, nitrated^ gave 68 stones 
t>f hay, unnitrated 52 stones, but when dry they were reduced to 12 stones 
each. How very much more succulent these grasses were than those of 
Mr. Turner! 
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crops obtained by difierent metinxls should be compared with 
each other, as the safest test of the relative merits of the seye- 
ral modes of procedure by which they have respectively been 
raised. 

II. Experiments made at Erskine, on the property of Lord 
' Blantyre. 

I insert the clear and well-digested statement of his Lordship's 
agent without alteration :— 

^^Fredand, Erskinej by Old KUpatrickf Olasgawt 
29th July^ 1841. 
Sir— Agreeably to Lord Blantyre's instructions I send you a 
copy of the results of some experiments with manures on young 
grass for hay, undertaken on two separate pieces of land-^e 
(Hie a very good light soil (subsoil gravel) ; the other stiff clay 
soil with a clay subsoil. The manures were applied on 1st 
May, the hay cut on the 1st and weighed on the 19th July cur- 
i^nt ; the extent of each plot one-twentieth of an imperial acre. 
From the small extent of each plot it will be evident that: the re- 
sults cannot be exactly depended on, farther than ab a general 
result; because, in so small a portion of land the least variatioa 
in the soil or crop naturally will affect the results very material- 

S; still, on the whole, I am of opinion that the experiment gives 
e comparative view of the value of the different manures used - 
prettv nearly. 

** One thing has, astonislTed us with regard to soda (nitrate). 
On all the fields I have observed it sown on, the part dressed has 
a much greater vigour of aftermath than where no nitrate of soda 
was given: showmg that this manure is not so evanescent at 
was generally supposed. 

^' I am, Sir, your nooet obedient servant, 

"Jas. Wimow." 
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Remarks.— It will be observed in these experimeots, that the 
saltpetre and nitrate of soda produced nearly an equal increase on 
both kinds of soil, the nitrate of soda having the greater effect on 
the light, the nitrate of potash on the heavy soil. Next to these 
on the light soil are the common salt and sulphate of soda,tYiough 
on the heavy soil the common salt had the better efiectof the two. 
It is to be observed, however, that in this case the sulphate was 
used in crystals, and therefore only in half the quantity recom- 
mended. Had twice the quantity been employed upon the light 
soil the produce might have equaled that from the nitrates. 

It is a singular illustration, however, of the necessity of apply- 
. ing dLBTerent substances to difierent soils — that so far as this ex- 
periment is to be depei^led upon, the sulphate of soda almost en- 
tirely failed on the heavy land. 

lune most valuable practical deduction from these experiments 
also, is, that-on both the soils in question, the grass land, in iU 
present eonditiont may be salted to advantage. At the same time, 
It appears probable that on the light soil \he increased produce 
would amply repay the: cost of applying either nitrate or sulphate 
of soda at the rate of 120 lbs. per acre — the latter being in its dry 
or uncrystallized state. 

The efiect, generally, of all the dressings is strikingly greater 
on the light soU — a fact which speaks strongly in favour of the 
adoption of any of those methods by which the openness and fria- 
bility of the land has been found to be permanently promoted. 
On the stiff soil, even the ammonia, by some deemed so vitalir 
necessai^ to vegeiationj appears to have produced no sensible 
alteration^ : - ; 



III. Experiments made under the immediate superiDtende 
of W. Flemings Esq., d'Barochan, near Paisley, and on his o>wa 
property. The statement is drawn up by Mr. Fleming hiniielf« 

l.-^Experimenis on Hay tdih NUraU and SvlphaU of Soda and 
iffith Gypsum* 

On Covenlea the dressings were applied on the 22nd of ApfHU 
and iha hay cut on the 2nd of July ; on the other fields the nimto 
waA gypsum were applied on the 12th of April, and the hay Mt 
ootkedtkof July. 



Digitized by VjOOQIC 



28 







Description of 


Rate per 


Weight per 


Weight 


No, 


Field. 


Drening. 


imp. Rood. 


Eood, green. 


whenvcack^ 


1 


Covenlea. 


Nothing. 
Nitrate of Soda. 





3361 lbs. 


1100 tt>8. 


2 


Do. 


40 lbs. 


4907 '* 


1636 ** 


3 


Do. 


Sulphate of Soda. 


40 lbs. 


3966 ** 


1322 ** 


4 


Do. 


Gypsum. 


10 lbs. 


3831 *' 


1277 '* 


1 


Crook'fHigh. 


Nothine. 
Nitrate of Soda. 


— 


4436 '* 


1478 *' 


3 


Do. 


40 lbs. 


4999 ** 


1666 ** 


1 


Crook's Low. 


Nothing. 
Nitrate of Soda. 





2185 ** 


728 *' 


2 


Do. 


40 lbs. 


3764 ** 


1264 ** 


3 


Do. 


Gypsum. 


80 lbs. 


3110 ** 


1036 »* 



Character of the Soil. — Nos. 1, 2, 3, and 4 were good sharp soil, on 
rMten rock, (decayed trap,) all as near as possible the same description 
of land, drained, and lying together. Nos. 1 and 2, Crods's High, stiff 
clay, ^ined ; the hay was after wheat. Nos. 1, 2, and 3, Crook's 
Low, light clay-loam, drained ; the hay was after barley. 

N. B. The above is the average of trials in three parts of the 
Covenlea field ; a small portion of moss was also sown with ni- 
trate of soda, in the low part of the same field, but no benefit was 
observable, beyond the usual dark green colour which appe^ed 
about ten days after the application. The sulphate of soda, al- 
though evidently beneficial, does not produce the dark creen co« 
lour. In the Crook's fields the efiect of nitrate of soda m produ- 
cing the dark green colour was as remarkable as in the Covenlea 
field. The gypsum on both fields seems to have had a good ei^ 
feet, particularly on the aftermath clover. 



Remaeks.—- In these experiments also the sulphate^ of soda 
was used in only half the quantity recommended. By referring 
to the prices paid by Mr. Fleming, it will appear that the use (M 
•olphate of soda gave an increase of 200 lbs. c^hay for Is. 9d. (or 
500 lbs. for 4s. 5d.^, while the nitrate of soda gave an increase of 
516 lbs. for 7s. 10a. ; so that, though the actual increase of hay 
per rood was considerably less by the use of the sulphate, yet 
that increase was obtained at little more than half the cost oif the 
same weight of increase derived from the nitrate. A simikur r** 
mark applies to the gypsum, so that these expmments give am* 
pie encouragement for the application of both these substmnoet in 
• iomewhat large quantity to succeeding crops, on the same land. 
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i.'^Expmments on Winter Rye, dressed with Nitrate of Sodoi 
Lyme with Potash, Sulphdte of Soda, and Muriate cfAmm^ 
nia (Sal Amnumiac.) 

The applicatioDS were made on the 14th of April, the gnio 
was cat OQ the 9th of August, and thrashed od the 25th« 



No. 


Field. 


. Dressing. 


imperial 


Wtightof 

Grain 
per roud. 


W«i«btof 

Straw 
per rood. 


BlMhl« 


1 
2 
3 
4 
5 


Garden Plot. 
Do. 
Do. 
Do. 
Do. 


Nothing. 
NhratcofSoda. 

Sulphate of Soda. 
Mur.'Of Ammonia. 


40Ibs. 

40 « 

40 « 

5 " 


160Ibs. 
336 " 
272 " 
224 " 
232 " 


1024 lbs. 
1664 " 
1344 " 
11S8 " 
1216 " 


i 

41 



Character of the Sail. — Tilly clay, which had been trenched, and in 

S>tatoes the year before. The Rye was sown on their being lifted in 
ctober,1840. 

N. B. As early as the end of April the eflfects of the nitrate of 
soda were very apparent from the dark green colour produced, 
and broad leaves, and after it was ripe the heads were loneer 
than any of the others ; but it was so strong that it was laid a 
month before it was cut ; none of the others were laid. Every 
application seems to have done good, by increasing the produce. 
The potash and lime was made by slaking quick-lime and sand 
with a aolution of potash, and allowing them to lie together for a 
month. As much was used as contained 1 lb. of carbonate of 
potash to the pole. 



Remarks. — From these experiments, it appears that, besidet 
the proportionate increzLse of straw, that of grain was 

From nitrate of soda, 1^ bushels ^r 31s. Od., or 2s. 9d. pr. bush. ; 

" lime and potash, 7 ** for33s. 6d.,or4s.9d. *• 

" sulphate of soda, 3 " for 78. Od., or 28. 4d. ** 

" sal-ammoniac, 6 " for 10s. 9d., or Ss. 2d. " 

Although, therefore, the total increase by the employment of sul- 
phate of soda and muriate of ammonia, in the proportions actual- 
ly put on, was not so great as by the use of the other two dress- 
ings, yet this increase was obtained at a considerably less cost 
per bushel. The lime and potash, though producing an impor- 
tant effect, will probably not yield a remunerating return with 
. this crop on this soU^ while the results hold out a fair inducement 
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for the tnal of the lait two dressipgs in Iftrger and varied pro- 
"portions* 

The five samples weighed* respectively,— 45|, 61j, 51}, 52|, 
and ABi lbs. per bushel, so that, while on all the dressed plots the 
gkmijB was h&avfet thin on the. undressed, that wMch was dressed 
with sulphate of soda was eooesidefahly the heaviesu 

The applications were all made on the 13th of April, and the 
txop was reaped on the 2nd of September. 



Descfiption 
ofTup-dreatinf. 



NitiateofSoda. 
Pcrtash 

and Lime. 
Common Salt 
Mw. Ammonia 
Nitrate of Soda 
and G^sum. 
Nitrate of Soda 
and Rape-dust 
Mur. Ammonia 

and Lime. 
Common Salt 

and Lime. 
Notfmig. 



Weight of 

Rate per 'produce of 

Scotch acre. | Grain of 

l-8tfaracre 



Wei«bl 

Grain 
prbahl 



160 lbs. 
160 lbs. ) 

40bush. ( 
160 lbs. 

20 lbs. 

80 lbs. > 
I60bu8h. ; 

80 lbs. \\ 
5 cwt S 

20 lbs. i 

40 bush.'! 

28 lbs. 

80 bush. ;[ 



209 lbs. 

210 '< 

249 " 

208 ** 

214 " 

240 " 

230 « 

200 '' 

190 " 



63 lbs. 



e2i« 

63 " 

63|" 
61 *' 



Weight of to. 
tal produce, 
when cut, of 
l«8th«aacre. 



9,500 lbs. 

8,930 « 

12,540 « 
8,360 « 

8,620" 

11,970 « 

9,500 « 

8,740 " 
8,050 " 



Character of the Soil. — ^The land was a heavy loam, and ofaanearly 
as possible the same quality. It had been in potatoes, and the wheat 
I sown when they were Med in October, 1840. 



The produce of Jth of a Scotch acre, thrashed and weighed 
and well cleaned, gave an average of from 32 to 33 bushels of 61 
lbs. each per Scotch acre of grain. 



Remarks .-^This table presents us with two remarkable re- 
sults,-«tbat obtained by the use of common salt, and that from a 
mixture of soda and rape-dust. Thus, exclusive of the straw,7— 
\ gave 152 lbs. of wheat for 31s., 
I 12s. 2d. per bushel ; 

\ gave 400 lbs. of wheat for 43s. 6d., or 
I 6s. dd. per bushel ; 



Nitrate of soda alone •< 
Nitrate with rape-dust < 



or. 
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CommoD salt .... | ««^« *'^^ ^^b^l^'" * ^" *' *^* 

The increased produce, W tbe use of commoii sak, is by far 
the most valuable result to Mr. Fleming id an economical point 
of view, and plainly indicates the kind of application be can 
most profitably make-^to his wheat crops at least— on land simi*- 
lar to the above, and in the district where be resides. 

Neither the nitrate of soda nor the mixture of this salt with 
rape-dust, gave such an increase as to repay their own cost, un- 
less when cbrn is very high. It is interesting, however, to ob- 
serve that the mixture with rape-dust gave so large an increase, 
though the value of this particular experiment is lessened by the 
absence of any trial with rape-dust alone, by which the effect of 
each of the ingredients ought to be judged of. I have reckoned 
the rape-dust at J^7 a ton, so that 6 cwt. would cost 288., and 
we know that a top-dressing of this substance alone, in a some- 
what larger quantity, gives a remunerating return in many of our 
wheat lands. 

Mr. Outhwaite, of Banesse, in tHe North Riding of Yorkshire^ 
a skilful and enterprising practical farmer, who has for some 
years been using rape-dust over a great breadth of his wheat 
crops, has favoured me with the result of one of his more accu- 
rate trials pn spring wheat, made during the past season. The 
wheat was sown after turnips taken off in April, and part of the 
field was dressed with rape-dust at the rate of 6| cwt. (or at cC7 
a ton, of 40s.) per acre. The produce of the dusted portion was 
39 bushels, and of the undusted 29 bushels per acre, and the in- 
crease of straw was one-fifth of the whole. Both samples were 
of equal weight, and sold at the same price, — 8s. 3d. per bushel. 
In this expenment the increased 10 bushels cost 40s., or 4s. per 
bushel, giving, on a large breadth of land, a handsome remune- 
; ration. 

These results will, 1 trust, encourage others to make trials 
similar to those of Mr. Fleming and Mr. Outhwaite ; while these 
gentlemen will, doubtless, be induced each to try that applica- 
tion which has succeeded so well in the other's hands. It might 
be useful as well as interesting to compare the produce of four 
plots arranged and dressed as follows : — 



Common Salt. 


Rape^ust. 


Common Salt 

and 

Rape-dust. 


Nothing. 
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* i*-^Expenment9 an Early Potatoes, 1641. 

All were dunged in the usual mauner with fartn-yflfd mautiref 
at the rate of about 30 cubic vards per acre* The potatoes were 
all planted on the 25th of Af arch, on the same heavy black soil* 
The several dressings were applied on the 20ih of Mky, and the 
potatoes were all lifted on the 28th of September. 



No. 


Deseription 
Top-dres8inf. 


Rate 

per imp. 

acre. 


Produce 
p^r imp. 
. acre. 


Weight of 
Produce of 
19 yards drill. 


Note.—Tht 
peck is 35 lbs. 
weight, andl6 
make a boU 
or 5 cwt 


1 
3 
3 
4 


Nothing. 

Nitrate of «oda. 

Sulphate of Soda. 

Do.&Nitr.ofSoda. 


160 lbs. 
200 " 
200 « 


66boUs. 
80 " 
73 « 
107 " 


771b8. 
93 " 

86 " 
124 " 



This break of ground consists of a piece of poor clay nxixed 
with moss, about 9 inches deep; subsoil a very stiff blue till. 
The dung was old from the farm-yard, about the ordinary quan- 
tity (30 cubic yards per acre) spread upon the land, and dug in. 
Tne potatoes were drilled in with the hoe ; as the ground was 
wet the plants came up but weak. The nitrate of soda was 
sown before the other top-dressings, and had remarkably quick 
effect, as it showed the third night after being sown. The sul- 
phate of soda does not occasion the dark green colour which is 
seen upon the potatoes after the dressing of the nitrate, but there 
IB not the smallest doubt of its beneficial effects, although not in 
80 great a degree as the nitrate. The mixture; which is com- 
posed of |ds of sulphate of soda and ^rd of nitrate, has a wonderful 
effect in strengthening the growth (which it keeps longer than 
with nitrate alone), and the mixture has the same effect in pro- 
ducing the dark green colour as the nitrate alone. 



Remarks.— That a mixture of substances is likely to be more 
efficacious as a dressing, than the application of one substance 
alone, except in peculiar circumstances, is consistent not only 
with long practical experience — ^for how many substances are 
mixed together in farm-yard manure ? — but also with the theo- 
retical principles laid down in the text.* These experiments 
upon potatoes show that this crop upon Mr. Fleming*s land was 
benefitted by both nitrate and sulphate of soda, but in a vastly 
greater degree by a mixture of the two. And I might consider 

* See Lectures IX. and X. 
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my Mmgg^iiion in regard to the empioymam ot wlfAinim oi m4tL 
V A maimro* to have beeo of no mean uae in pB«ctical «gikul« 
tare, bad tt led to notbiDg elae tkan lo tliia ^fypy tmtme of Mr. 
JPkimof # 

I have TMclved ;klao from BIr. Fleauo£*8 garden^ (Mr* AkoK- 
ander Qardiner) a very well digested and well drawn up pap4f« 
delaitiog nnmeixuM experiraenta made by himtelf daring the peat 
wmmer. Annrng these i$ one upon the o«e of thia aame miatuiB 
upon the potatoe crqp, which I shall quote in bis own woida:<-^ 

•• ApriJ 26th.-*PlaDted polatoet of the red Don varieiy, aoil « 
mellow loam, two feet deep^ subsoil yelbw tilU Fann-yaid 
dnng was trenched in some days before plandng, at the Bate of 
40 cubic yards per acre ; seU drilled in with the hoe. Plenta 
came up very regular, and were top-dressed with a mixture of 1 
•nlphate and | nitrate of soda on June 2nd, at the rate of 2 cwt. 
j»er acre. They grew very strong after this appUcatk)q. Stems 
$iz and seven fed in length, dark green, and die produce, when 
Hftcd in October, was 16 Renfrewshire pecks of 35 Iba. each per 
Scotch fall of potatoes fit ibr market.^ 

This produce ta equal, I believe, to about 2C tons per Scotch, 
or 21 ions per imperial acre, about equal to that of Mr. Fleoihig 
with the aanse mtxtm. And what an mam^ hixuFiaiiee or 
vegetation, to yield at once atetna 7 feet is length and upwards of 
20 tons of tubers per acre ! 

'Chose who are the most aeeptkal in rmrd to the benefits to ba 
derived from agricultural experiments, when wett o^Hlncted,^ will 
aearoely question the importance <^ this res^h-^the most bnck- 
ward in making experimenu wHl be anxious to repe^ thia f poo 
Ida evm potntoea. The cost oC tha mixture in b9 applied iH the 
^•entity need by Mr. Fleming is trnfyikmn^^ 

^jStfamofSoda • . 7$!ba. ai22s. ........ 14 » 

.. • - / \ ai $ 

The return for ibu 21s. ^. waa in each of the ^M^vt eaaea nn- 
srardiofdtoosofpotilloea, k 

tm^y here mention also two other JmarasliQf ripfiimum ef 
Xi. Gardiner, in whioh he tried tlie effect of aa^Mttmooiae npmi 
hia potatoe crqH*^ 

1^. In the one he mixed sal-amauMc, pravionriy djaaolfad 
in water, in the proportion of 1 lh» toeach eobiff yafdef « oana- 
poat formed from the refuse of the garden, «id planted eady pn» 
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tetoMwkli it atthe rateof dSeobieyaidt periKfv. Tliepcv 
duce was one sixth more than when no ammonia was used* 
The variety ofpocatoe was Taylor's forty-fdid, the soil moss and 
•day; The oeet of this appUcatSon was ISs. per acre. 

2°. Sal-amrooaiac, dissoLvcMtl in water, was sprinkled on moss 
or peat earth, at the rate of 20 lbs. to a ton of earth, and, after 
stotwing a Ettle lime at the bottom of the drills, this mixture was 
pel in at the rate of 2 tmis per acre. The potatoes were 14 days 
later in coming through the gjpand than the same variety planted 
with fhrm-yiml manure. They were strong in the stem, of a 
dark green colour, and eqifal, in point of produce, to the others. 
The vatiety of potatoe was the Irish apple, the w^ a very Kght 
hrown loam, of that description locally named deaf. 

I may observe on this latter experiment^ that the application 
is not so simple as it appears. The lime would decompose the 
sal-ammoniac, and form chloride of calciunif while ammonia 
would be liberated. The effect, therefore, may be partially due 
to both. It will be recollected that in a previous part of this Ap- 
pendix I suggested the trial of this chloride of calcium as a top- 
dressing for various crops. 

^r-JEL^pmfa^nit m Mott-OaU, town aho^ Ut Majf^ 1841, 
tap^ressed fi^th June* 



No. 



Toprdressii^ per pole (imperial). 



Notkine. 

Bones mssolved in sulphuric atid and nitrate of soda } lb. 

8i^phate of soda | lb., bone dust | peck. 

Polash 1 lb., lime and bone dost | pedt 

Chloride aftalekitti 1 Vb^ bones | peck. 

Liaie, potash, and chloride of calcium, i H>. ea^. , 

Pot^b Slid femey nitniteyand bones, j lb. each. 



GkiQfrader ofVU BciH. — Moss 4 fieet to day. ^p. 2 ths best 4^00 and 
heaviest grain (not thrashed). Nos. 3, 4, and 5 not so good #s rfa 9^ 
but aS much better than I^os. 1 or 6. No. 6 the voist^noC beissr 
dian No. 1. No. 7 very good— next to. No. 2. 

"These top-dressings were npptied on the 6th nf June, and l^ 
tfie 24di there was a striking improvement, especially on No. 2 
«iid ?fo 7. It was qaite visible in creater strength and eveiroesa 
of crop. One or two of the others m«o showed improvement, Imt 
iwt so iri^ly as to merit particular notice. I examined them 
fton time to tioief and at dinerent dates : t^ appearances much 
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M "Mtiie t» i»)tieed tipon June 24tii. ' I again exanuoed thetn k 
(€W days belbre they were cut, when I was mtidi satisfied with 
Nto. 9i the straw appeared to measstiflTand shiDiog, and the ear 
as we!i filled, as if it had been grown upon stiff loam, and I eon- 
Hckr ikt $€tme drtsHng^ ajmliea to grain crops upon mo98f will 
imwn a good crop t^'wdl-jtUtd oatt. No. 7 was nearly as good, 
bat the want of the bones being dissolved was a drawback. 
However, I consider the two mertt the expense of another trial.** 



Kemauls.— These experiments of Mr. Fleming on xjokmb oats 
lAa^ be oonsyered a^ aflording another illustration of the benefits 
which are yet to accrue to practical agriculture from tlie sugges- 
tiootf of natural science. It is well known to those who have di- 
rected their attention to the reclaiming of peat lands, that the 
crops of oats raised on such land yield abundance of straw, but 
that the ear is small and badly filled. It is also well known that 
tiaying such lands is an alnoost unfailing remedy for this defect 
IB the ear, as well Us for the less important one which is also ob- 
served in the straw« My frietid, Mr. Alexander, of South Bar, a 
oeighboor of Mr. Fleming, and, like him, extensively engaged in 
the improvement of peat lands, finding, as most other persons 
have, that in some localhies the claying of his laqd was very ex- 
pensive,* conceived the idea that sonre chemical application 
night be made to this soil, which would supply what the de- 
fective oat plants required, and thus supersede the necessity of 
eletying. He was pleased to communicate this opinion to me— 
•tatinfp the defect in (he crop, and asking a chemical remedy. 
Looking chiefly to what was evidently required by the ear, I 
suggested a trial of various mixtures, in all of which, — from an 
idea that phosphates, amcxig other substances, might be necessary 
to complete the ear— bone-dust formed a necessary^ part. The 
resoH of these suggestions is seen in the above experiments of 
Mr. Fleming. . They have been varied and improved upon, as 
Mr. Fleming's united chemical knowledge and practical skill 
esabled him to do, and na first resttlts on a new field of research, 

* Mr. Garden, of Glenas House, near DumfHes, a gentleman to 
wham, thoi^ personally uiUcnown, I am indebted for many insluable 
eosimaaiealM9M, informs jae that, in improTing hia porous peat landi^ 
he has foun4 it necessarjr to lay on a coatinc of clay six inches thick, 
ai an expense of j£l5^aa acre. A coating of two or three inches on 
their peat, be says, sinks down, and in a few years descends beyond 
the readi ef the p'ough, and hence it is more economical to lay on al 
ooce an entire soil of six inches. 
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indeed* eminent^ socceesfiiL Too much eoQfideiic«» faowtvcr* 
muttooibe placed eo the eflects observed in ooe or two ia n aaoesg 
y^ I kope tLoM above stated are eucb ae w9l induce otb<^ to.. 
fepeat tbe experime&u with equal care« in osder that aaotb^r 
year* afibrdkig us mote numefoos results^ may euabl# ua to baaa 
oar copcluwons opoo a laq^ expeiieiice* 



tu^NUnm 



•'The first was sown on the 11 
phate of soda, at the rate of H c 
med from Ume to time, but there 
fereuce from the general ciod (I 
Next, 3 ridges were sown with ui 
lbs. per acre. This made a littk 
strength, but it was too liule to n 
Also, aloi^iside of the last^mentkx 
mixture of sulphate and nitrate o 
of the former to ird of the latter* 
of the others both in colour and st 
27th it could be seen from a dij^aj 
made of them all during the seas« 
best. A few days before it was 
best filled ear. lliere was a pi< 
the bottom of the field, sbo^^ring tl 
was sown potash and lime. The 
looking, but immediately ai^er th . . 

green colour, and became viraious,* and yielded a orgfi at leaal 
equal to any in the field. *!n>ere were some other dressings put 
on other ridges of this field* bu;t it was dry weather cUrediy after 
they were sown, and ^ qiop was too far. forward beloBS tlfey ba- 
gan to take effect to say any tlung decided about them. By mi^ 
take there were two varieties of oats sown upou the field, whick 
prevented the expseriments being so decided^ as the dresac^ wm» 
put on indiscriminately upon the land beibre it was known.'' 

R ff Msn gS i.— T he only remaik I need make upon cbeee snepatK 
ments is, to suggest to my readen that, by repeating the aboT;a 
trials upon oats with Mr. FlMBiQg*s mixtweSy they may not only 
benefit their own crops, but may also aid m^enal^v ia thjS «!% 
vancement of praoica} ^«giv:ultw:al kjaowl^dgj^^ 
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io B<mM €nd P^oH. 

^ The lint drMriof WM apofiedl tb» 4ib oT Msy* on I 
MC bwi d w ia die garden) the MOb tWt wete Ji— id yfeldy 
look the lead c€ die othete. There was no alteratm of ookMu; 
hit greater ttrtagth^ and k Itftfwirf w w rfer/y iy. Tb e ia w ew B»e 
air idxeieiBt fiwn evety aeed ecywitf aixl the podte wete latger ana 
move nmnefeiiSi aod fat heasM to tnepodi a great deal target tha& 
the ettoe Tarlety imdveeaed. It was ate pot opoa eome of the 
fidget ofdie beane ia the ield, aod widi the MHne eH^ aad gave 
a Tenr large cwd (not yet thra^e^.) 

**Upoo peaie 10 the garden k ap fw Eiir e d to add little, if any diing^ 
to the strength of straw, hot thoee diat were dr essed had a cSr 
areater namber of pods, aod those better filled, and the pease of a 
' better flavour, and U teemi oi^huMe dre$nngfiT M Ugumimm^ 
erop$. When sown in the drills along with the pease, it nearly 
kilisd eirsry one of them» wh^ dM same yiaatitTf pot ott as • 
tap-dressing to some. drills next to them [where Am pease were 
two inches bigh,) did no injory*^ 



Esiuaxs«^The testioMBy of Mr. Fleming to the ¥aloa at 
sidpfaate of soda as a dMsstag ftr legmniBMts esofa, ia Tsty vaki- 
able and safisfhctory. We may hope that next year wttl Ihcnish 
m with eiperiments, oK the tesaksof which sludl hare bees so 
eweAiUy asoertataed, as to eaaUe OS to deeide npoQ dM siceoomio 
eai value of dns salpbate as a manare, by a coo»pafison of the 
t of tnciease indwofop, with dieoost of the iqyplieatioA. 



Sii^— Oa NUnOe of Soda iu a 10[hdres$ing la Oo o uUrn f tmd 0$t^ 
rant b%$he$. 

««Itwas applied AprU 14th, at about the rateof ) cwt.peracie» 
or i ib. per bosh. It had the eflect, in the eourse of a week, of 
paoducing on the bushes a dwrk green colour and bsoader leaTes.^ 
a«d the fruit set belter and more plentifiilly, espeoially on some 
red curraau that had home little mr two years« These set theit 
Iroit well, and yielded double their toner produce. The dressed 
bashes kept the lead m strength and vifor all the season, aod now, 
when the undressed bushes t^vo lost their leaves, the others itfa 
%ailie green." 

9.—^ lAtaty eicperimenis were tried ia the garden en turnips, 
\f top-dressing widi nitrate of soda, bat with na peiaeptible efi^ 
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ftct' However, th«*Swedbh and r^-top. yettatr, in a field of 
' rather tdflfaotl, were benefitted, tbe former yielding i more pfo- 
dooe in weighty and tke latter f more wMgkn 
«* AwocMt 96(4 Oc<0fter, 184 J . Ws. Fuuiim." 

AEiteii— Tlw prioet paid by Mr. Fleming were wfiiQow ^-^otte dw* 
(Im) le. 9d. per buaM; Mibbate of emaneiiMi (in cry«ala) 98ft. pec 
ewt ; pota«h (very impture) Sis. par cwt ; eulpbi^ of loda (in crye- 
tela) &a. per cwt^^ nitrate oi soda 32b. j and sal-anunoniae 60a. per ewt. 



No. IV. 



^vmmwtttwn worn, can PAmATiTB szrEKmsir^s wnv avAVii 

AII» OVHUt MAKVREM, 

Chttmo is tbe name ^en in Soutb America to tbe dung of tbe 
tea Ibwl which hover w countless floc^ along the shores of the 
Pacific^ and which, from time immeraeriaU have depositsd their 
dioppioga on the focka and the islands wbieh are met with akmg 
tbe coast of Peni« 

Besides the fre^ white ^oano which is deponted year by 3rear 
in these localities^ there exist, in aame spots^ lai^ aeeumnlaooaa 
tatxe or less buried beneath a covering of drifted sand, whidi 
have been thus buried and partially prseerved from an nnknowm^ 
antiquity* This ancient guano is of a brown colour, more or 
less dark, and forms layers or heaps of limited extent* bat mbkk 
are said sometimes to exceed even 60 feet in thickness. 

In the time of the Incas thb substance was known and hfdity 
valued as a manure,"-the coutitry along the coast fyt a lengm.oc 
200 leagues was entirely manured by it,— »the islands on which 
h was formed were carefblly watched and preserved,— and it 
was declared* to be a capital offence to kill any of the sea fowl 
by which it was deposited. Bver since that time it has be0n 
more or less employed for the same purpose, and much of (he 
culture now practised^on this thinly -peopled coast is entirely de- 
pendent for its success, if not lor its existence, on the slor^ of 
manure which the sea fowl thus place wiihin reach of thoae 
parts of the country which are susceptible Of cultivation. 

In modem times, however, the access of foreign shipping, and 
the want of carefbl protection, have driven away many of th* 
•ea fowl, and lessened to a very great degree the production of 
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the recent gqmo. Thas the coantry it more dependent thaa io 
fimner timet tm the more ancient depotitt, which are 190W atti- 
ddonsly tought for, aad when discovered beneath the iand, are 
carefiillv exc€tTaAed and trantported to the eea-portt for sale. 

The dang of bitds of all kinds, when ezpoeed to the air, gradu* 
ally undergoes decom position, gives off ammonia, and acquires a 
brown colour. As' this ammonia is one of the most fertilizing 
substances it contains, it will be readily understood that the old 
brown guano is much less valuable as a manure than that which 
it recent and white ; hence the care of the ancient Peruvians in 
collecting the fresh, and their comparative neglect of tbe ancient 
gnano. 

When the brown guano is put into water, a large quantity of 
it— somelimes 70 per cent, of the whole— is dissolved. Hence, 
it is, because the climate of Peru is so dry and arid that in the 
plains rain scarcely ever iktls, that the guano can accumulate at 
ft it^fbund to do. North and south of this line of coast, where 
rains are less nufrequent, such accumulations are not met widi, 
though the birds appear equally plentiful, and it may be safely 
stated that, had the climate of Peru been like that of Etigfana, 
the rains would have washed the guano from die roekt ahiKist at 
rapidly as it was deposited. 

Of the brown guano several cargoes have lately been broarfit 
to England by an enterprising merchant in Liverpool, and it has 
been deservedly recommends to the attention of BriUth agri- 
cttlturuMS. It has already been nried upon various crops, both of 
hay and com, upon turnips alto, and upon hopt, and there can %9 
no donbt whatever that in our climate, as well as in that of Peni« 
It is fitted to promote vegetation to a very remarkable degree. 

This brown ffuano varies moch in quality, according probably 
to the deme of exposure to the air to whfoh k iMt been Miljeec- 
edU or to Its position in the depotit from which it hat been dug. 
Two different portions, taken at random from the tame booc, gave 
me the following very difl^rent ntukt ^— 

1°.^ Water, salts of ammonia, and organic matter, ex- 

peUed by a rod heat . . . 33*5 per et 

Sulphate of soda. . . . 1*8 '^ 

Common salt^with a little phofphate of toda. . 90-3 ** 
Phosphate of Ume, with a lutle phosphate of ma^ 

nesta and carbonate of lime. 44*4 ** 

looT 

* The first contained also 8per cent and Uie lecond 1| per cent of 
. sand, which has been left out octht trqe composition <^ the guano ^00- 
ridered as freefirom suid. 
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40 

f .-AlMMIM . . . . « tO^ 

WflMTi 4mw m wt «Mi mmatt wmoM, m^ f *^ 

of M>dUi • U-4 •• 

Aacoiduif 10 M. Wlnteifeldt, Qu» browa g«UM it told at ih» 
•pant oeir vliich it it obiaiiied at idKmt 3e. a cwt. It idight, 
thtreibfts if thit be correct, be imported into this coontry« and 
.•old al lata than lOt. per ceat. The pnce at pretent atked, bow* 
•¥«• at ISSt. par centM a oott at which it itdoubtful if the £oglifih 
j^ricuUoritt aaa aflS>id to ute it. 

ia any cate it atemt imprababla that the guano can caatiaiie 
la ha imported iaio thit country fiir any lenoth of time. It it ah- 
ariattly necettary to the cnUivation of the land in Peru«--«nd il 
it alto dimiaitbiag in quantity,— the fiitt tettkd goYeniment» 
th t f t fof ri, which it formed in tliat country, muat prohihil the fur- 
ther anoftadonof a aobttance to importaat to the. national imac- 
attt. It It a matter not unworthy oi the attantioo cf chemialtt 
Aatitoar la wawi der whaibar a ouKtura tiiailar to the gnaao» and 
ofaqualeffieaeytcanaotba formed b3r afl«-«noloiily ittacomao 
raat o aa W aat atoaoatanudte the Bntith&naeriadapaadaitCaf 
<hala ip oi t a t , I ha i al wintaoha hi i nd a na aataitfaataiDatipaato 
placa to ▼aluriilaa manjKf withia the raaahof alL . 

The fciiuiiii^ mJamat ooetaiat the ta^aiid ingrcdieali found in 
guano ia Mavly the average paaportloiit ;.and I believe it it lihd^ 
taba aft laaataa afficaoiout at tiia oatoral gaano^ foe all the jciopa 
. la which iha taMtc baa hithaitP baaii applied in thit fiouatry 1-^ 

£, $. 4. 

il»lht.(7b«thil0afbeatdattatlSa.«dL|Mrfa«idML. .e 1» Q 
100 Ibt. of talphate of Mmaoaii^^ eaalth&g ft^lba. tf 

aaiaMMuaat90t.acwl. . . 18 

5Ibt.ofptafl.4nh . .610 

ie01bt.afSott»eBtidt. » 9 

UUnkafdiyn^hateeftada. . 10 

fi^lba^qfairflifeial/aaiiteott. .910 

Tfae t faa ptit y here indicated may be intimateiy mixed with 
100tt»» ofohaik,and willbefuUv^|aalinefficacytIbeIiaTa,to 
4 cwt. of guaiio» now adUng itt 45. , 

« tSulphate of awmoiiia It now maarihetoed hugely at Glatatw. aad 
aMybtfatdfortottAaa«a.a«wt . ' ^^ 
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UrORKS ON 

AGRICULTURE, GARDENING, RURAL AND 
DOMESTIC ECONOMY, SlG. 

For sale by WUey 4* P^ttnam, 161 Broadway^ New York. 

ILLUSTRATIONS OP THE BREEDS OF THE 

DOMESTIC ANIMALS OP THE BRITISH ISLANDS; 

consisting of a series of Colored Engravings of the 

HORSE— the OX— the SHEEP— the GOAT— the HOG, 

From a series of Oil Painting, executed for the Agricultural Mu- 
seum of the University of Edmburgh, by Mr.-Shiels, of the Royal 

Scotch Academy. With Descriptive Memoirs. Complete in 14 parts, 
. each containing four beautifully colored Plates. Price S8 each. 

Part I. The Ox, No. 1, atlas 4to.— The Wild, or White Forest, the 
Pembroke, and the West Highland breeds. 

Part II. Tke Sheep, No. 1.— The Zetland and Orkney, the Higher 
Welsh Mountain, the Welsh Soft Woolled, and the Wicklow Moun- 
tain breeds. 

Part III. T%e iJ(^.— The Berkshire, Siamese, Old English, and 
Wild breeds. » » ™a 

Part IV. The Or, No. 2.— The Polled Angus, Galloway, Kerry, and 
Zetland breeds. 

Part V. The Sheep, No. 2.— The Kerry, Cheviot, Exmoor, and 
Black-faced Heath breeds. 

Part VI. Tlie Bone, No. 1.— A very full general History. 

Part VII. The ^leep, No. 3.— The Old Norfolk, the Old Wiltshire, 
the Dorset, and the Merino breeds. 

Part VIII. TJW Ox, Na. 8.— The Polled Suffdk, Devon, Sussex, 
and Glamorgan breeds. 

Part IX. 7%€ Sheep, No. 4.— The South Down, Ryeland, and Old 
Lincoln breeds. 

Part X. T^ Horse, No. 2.— The Old Emg^lish Black Horse, the 
Clydesdale breed, the Cleveland Bay, the Suflrolk Punch. 

Part XI. T\e Or, No. 4.— The Ayrshire breed, the A Idemeybroed, 
the Fife breed, the Sheeted breed of Somerset. 

Part XII. The Sheep, No. 5.— The Romney Marsh breed, the Cota- 
wold breed, the New Leicester breed (Ram.)— TheNeapoUtan breed Of 
Hogs. 

Part XIII. The Ox, No. 5.— The Hereford breed, the Long-homed 
breeds the Short^homed breed, (2 Plates.) 

Part XIV. contains a descriptive memoir of the Goat 

*' This noble work is devoted to« collection or portraits of the boft tpedmeiit of 
the various fateeda of the Britiab Doroeatic A nimala. Iha wriur of tbia review haa 
had many an opportunitv of etanding by Mr. Sbiels while he waa engagod in hia 
undertaking, and admiring the fidelity with which the general and the distinguiah- 
ing feature! of each anfmal were seized and pourtrayed. We cordially reeomiiiend 
thM work to our veterinary brethren ; it wi/l improre their acquaintance with tha 
diatinoiive characters of the 4il|Sorent breeds, and wijl conatitilte verjr approp^iaia 
and kplendid ornaments of their parlours or portfolios."— TVeterinarian.j 
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Works on AgricuUure, Gardening, i^c 



A TREATISE ON THE THEORY AND PRAC- 
TICE OP LANDSCAPE GARDENING, adapted to North 
America ; with a^view to the improvement of country residences ; 
comprising nistorical notices and general principles of the art, direc- 
tions for laying out grounds, and arranging plantations, the descrip- 
tion and cultivation of hardy trees, decorative accompaniments to the 
house and gi*ounds, the formation of pieces of artificial water, flower- 
^rdens, &c. With remarks on rural architecture. By A. J. Down- 
.ing, Esq. Illustrated with numerous beautiful engtavmgs on wood. 
In 1 vol. royal 8vo. S3 50. 

" This volume, the first American treatise on this subject, will at once take the 
rank ofTHE standard wurk.''~[Silliraan's Journal.] 

THE THEORY OF HORTICULTURE; or an 

attempt to explain the principal operations of gardening upon physio- 
logical principles. By John Lindley, Ph. D., F. R. S;, &c., &c. SI 25. 
" The American edition of this valuable work is, in all respects, creditablt to 
the editors ; whose joint labors, it may be remarked, furnish^ in the present ia- 
stance, another illustration of the happy combination of scientific theory with prac* 
Ucal experience. To the American reader, the notes of the co-editors, which ace 
both scientifical and practical, and much to the value and interest of the work ; be- 
ing, for the most part, the results ol successful experience, with such additions and 
Adaptations as the climate and circumstances of our country render necessary." 

CATTLE J their Breeds, Management, and Diseases ; 

illustrated by beautiful cuts from drawings by Harvey, from living 
subjects of the finest sijecimens of the various breeds, anatomy, &c 
IvoLSvo. S3 25. 

BRITISH HUSBANDRY ; exhibiting the Farming 

Practice of the United Kingdom of Great Britain and Ireland. 3 vols. 
8vo. Numerous cuts. Vol. 1 S3 00, vol. 2 $3 50, vol. 3 $3 25. 

THE COTTAGER'S MANUAL of HUSBANDRY, 

Architecture, Domestic Economy, and Gardening. 31 i cU. 

A TREATISE ON AGRICULTURE AND DAIRY 

HUSBANDRY. 8vo. 75cts. 

THE FLOWER GARDEN ; its cultivation and ge- 

neral arrangement, with select lists of the most desirable annual, bi- 
ennial, and perennial flowering plants, carefully arranged, according 
to their height, color, and time of flowering. With hints on the moat 
approved mode of laying out and arranging the ground. Illustrated 
wis elegantly colox^ groups of flowers, and § plates of wardens. 
Cfloth lettered. $3. 

A TREATISE ON ROAD-MAKING. 18| cts. 
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Works on AgricuUure, Gardening, Sfc, 
ELEMENTS OF PRACTICAL AGRICULTURE; 

comprehending the Cultivation of Plants, the Husbandly of Domes- 
tic Animals, and the Economy of the Farm. By David Low, Esq., 
Professor of A§;ric«lture in the University of Eldinburgh. Third edi- 
tion, with Additions, and above 200 woodcuts. 1 vol. 8vo. 
** No work on agriculture has appeared in our time which will bear a compari- 
flon with this excellent, and we would say classicai work, of Profinieor Low. It 
will become the manual or practical agriculture for the British empire; and the 
indicioua practical rules and sound views oX our author will unquemionabW piove 
beneficial to the agriculturists of other countries."— [Edinburgh New Fhilorophi* 
cal Journal.] 

LOUDON'S ENCYCLOP.«DIA OP AGRICUL- 

TURE; comprising the Theory and Practice of the Valuation, 
Transfer, Laymg out, Improvement, and Management of Landed 
Property, and the cultivation and economy of the Animal and Vege- 
table Productions of Agriculture, including the latest improvements, 
A general history of agriculture in all countries, and a statistical 
view of its present state, with suggestions for its future progress in 
British Isles. Third edition, wiu a Supplement, containing all the 
recent improvements. SlO. 

** One of the most scientific and justly popular works of the present time."— 
(Stewart's Planter's Guide.] 

LOUDON'S ENCYCLOPEDIA OF COTTAGE, 

FARM, AND VILLA ARCHITECTURE, with about 1100 
pages letter-press, and upwards of 2000 wood en^vings, embracing 
Desi^s of Cottages, Farm-houses, Farmeries, "Villas, Country Inns, 
PubUc Houses, Parochial Schools, &c., including the interior finish- 
ings and furniture, accompanied by Analytical and Critical Remarics 
illustrative of the Principles of Architectural Science and Taste, od 
which the designs for dwellings are composed, and of Landscape 
Gardening, with reference to their Accoipopaniments. 8to. $15. 

LOUDON'S SUBURBAN GARDENER AND VIL- 
LA COMPANION; comprising the choice of a Suburban or Vflla 
Residence ; the Arran£;ement and Furnishing of the House ; the Lav- 
iog out. Planting, and Culture of the Garden and Grounds ; and tne 
Management of the Villa Farm, including the Dairy and Poultry, 
nitrated by nearly 350 engravings. 8vo. $5. 

THE BOOK OF THE FARM; being a Systematic 

, Work on Practical Agriculture, on a new plan. By Henry Ste- 
phens, Editor of the Gtuarterly Journal of Agriculture. To be com- 
pleted in twelve monthly parts ; illustrated by Engravings from per- 
tnatt of celebrated animals, and upwards of 200 wood cuts «f Iinple- 
menta, Plants, Ace. Price :^1 25 each. 
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Wiley 4* Putnam*8 New Pttblicatums. 
THE ZINCALI; 

OB, 

AN ACCOUNT OF THE GYPSIES OF SPAIN, 

WITH AN ORIGINAL COtLECTION OF THEIR SONGS AND POETRY. 

BT 6EOB6E BORROW, 
Late Agent of tha Britith and Foreign Biblt Sodetj in Bpiin. 

In 2 vols. 12mo. 

*' A strange book this, on a strange subject, written by a strange man— the onlj . 
Ii?ing man competent to write such a book.^ — ^The yolumes contain fine materials 
for romance, and some even f(Nr history ; information collected from the ends of 
the earth, and exhiUted without pretension or parade. 

" Not less isolated than the Jews— not less scattered o?erihe face of the Globe,— 
without knowledge, without reputation, without opulence, the Gvpsies hare main- 
tained themselves for centuries, not alone in the wild wastes or gloomy solitudes of 
the Earth, but in the very heart of civilization and of society. They seem so to 
have accommodated themselves to the necessities of their position, so to hare 
avoided becoming obnoxious to opinion, that legislation has long passed by them 
nncoAcemed. Taking no part in the drama of history, exercising no influence upon 
political events, the annalist has not honoured them with a share of his regard — 
the philologist has appeared little aware that their supposed jargon iH-esents mat- 
ter for much reflection as to their origin, their migrations, and the strange vicissi- 
tudes through which they have passed ; nor has the literary student ever inquired 
what fragments of popular and traditional poetry were preserved in the minds and. 
memories of the Gypsies. Mr. Borrow will have rendered no small service, if the 
poetry, the proverbs, the anecdotes, the traits of character, the stories, the tradi- 
tions, which he has collected together, should lead to new and wider inquiries on 
any of these matters.'*— [Westminster Review.] 



HINTS TO MOTHERS, 

FOR THE MANAeEMENT OF T&EIR HEALTH. 

BY THOMAS BULL, M. D., 

From the Third London Edition. With Additions. 

In 1 Tol. l2ino. 

'* This little volume is the benevolent contribution of good sense and profeisionr 
ftl skill, to the well being of those who have the strongest claims on our sympa- 
thv. Unfortunately a vast mass of erroneous notions exists in the class to whom 
His addressed ; to which, and to the concealment prompted bv delicacy, until the 
time for medical aid is gone by, we are indebted for very much of the danger apd 
suffering incident to the periods they are destined to pass through. Dr. Bull, in 
die true spirit of a phvsician and a gentleman, has by his perspicuous statements 
removed the first, and bv his judicious and simple directions, anticipated the last of 
those fruitful sources of evil. There is no mother that will not be neartily thank- 
ful that this book ever fell into her hands : and no husband who should not present 
it to his wife. We cannot urge its value too strongly on all whom it concerns.**— 
(Eclectic Review.] 

** We never read any popular treatise, or directions rather, that bear mom . 
■trongly'the stamp of scientinc and experimental knowledge. The mere reading 
•four Authors book will do more good in the way of encouraging the fearfu^ 
and banishing nervous anxiety, than a whole conclave of the wisest and most san* 
fuine matrons that society can anywhere bring together."— [Monthly Review.} 
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Wiley 4- Ptdnam*8 New Publications. 
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WUey 4- Putnam*9 New PMicalwru. 



LIBRARY FOR THE VOUNQ* 



TALES OF THE KINGS OF ENGLAND. 
Stocies of Camps and Battlefields, Wars and Victories: from the Old 
Historians. By Stephen Percy. With numerous Engrayings oa 
Wood, by Butler. 75c. 

STORIES ILLUSTRATIVE OF THE INSTINCT 
OF ANIMALS; 
Their Character and Habits. By Thomas Binoley. Embdlished 
with Engravings from Drawings, by Landseer. 75c. 



TALES ABOUT TRAVELLERS: 
Their Perils, Adventures, and Discoveries. By Thoms Binolet.. 
EmbeUiflhed with Engravings. 75 c. 



ZK PRB88. 

. WILLIAM TELL, THE HERO OF 

SWITZERLAND; 
From the French of M. Florianw With a Memoir of the Author. Ta 
which is added, 

* HOFER, THE TYROLESE. 

By the Author of Claudine, dec, dec. Handsomely bound in 1 volume^ 
and illustrated with Engravings. 

THE rOUNQ NATURALIST^S RAMBLES 
THROUGH MANY LANDS; 

Conlainii^ an Account of the principal Animals and Birds of both the 
Old and New Continents, with Anecdotes. 



DAWNINGS OF GENIUS ; 

OR, 

THE EARLY LIVES OF SOME EMINENT PERSONS 
OP THE LAST CENTURY. 
By Anni Pratt, Author of " Flowers and their Associations^'' dec 
Embellished with Engravings. . 
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